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PREFACE. 


Ih  doeiiig  the  Fifth  Volume  of  the  Geolooioal  Haoazins,  we 
ottinot  omit  to  express  our  sincere  thanks  to  our  numerous  friends, 
especially  to  those  who  have  famished  the  Original  Abtiolss, 
which,  aa  a  matter  of  course,  are  the  very  foundation  of  this  volume. 
^e  welcome  some  aa  new  Geological  contrihutors,  hut  the  chief 
names  are  of  old  and  valued  supporters  who  have  from  the  outset 
^ven  US  their  aid. 

Our  volume  for  1868  contains  articles  hy  Messrs.  T.  P.  Barkas ; 
Thos.  Belt,  C.E.,  P.Q.S. ;  E.  Billings,  F.G.S. ;  W.  Carruthers, 
T.L.S.,  F.G.S, ;  Thos.  Davidson,  F.K.S.,  F.G.S. ;  D.  C.  Davies ; 
T.  Davies;    W.  Boyd  Dawkins,  M.A.,  F.RS;   C.  E.  De  Ranee; 

J.  Evans,  F.R.S.,   Sec.   G.S. ;    R.    Etheridge,    F.R.S.E.,   F.G.S, ; 

Miss   Eyton ;     Rev.    0.    Fisher,   M.A.,   F.G.S.  ;     Messrs.   David 
Forhea,  F.RS.,  F.G.S. ;    Archibald  Geikie,  F.R.S.L.  &  E. ;    James 

Geikie;    J.  R.  Gregory;    Prof.  C.  H.  Hitchcock;    T.  McKenny 

Hng^,  B.A.,  F.GA ;   Dr.  T.  Sterry  Hunt,  F.R.S. ;   Capi  F.  W. 

Hntion,  F.G,S. ;  Prof.  T.  H.  Huxley,  LL.D.,  F.R.S.,  President  GeoL 

Sec. ;  Prof.  T.  Rupert  Jones,  F.G.S. ;  Messrs.  J.  Beete  Jukes,  M.A., 

F.R.S.,  &C. ;  G.  H.  Einahan,  F.R.G.S J. ;  E.  Ray  Lankester,  B.A. ; 

H.  Leonard,  F.G.S. ;   J.  Logan  Lobley,  F.G.S  ;  Dr.  G.  Lmdstrom  ; 

Dr.  C.  Liitken ;  Messrs.  D.  Mackintosh,  F.G.S. ;  G.  Maw,  F.L.  and 

G.S. ;  C.  J.  A.  Meyer ;  Prof.  J.  Morris,  F.G.S. ;  Sir  Roderick  I. 

Murchison,  Bart,  F.R.S.  &c, ;   Dr.  H.  A.  Nicholson,  M.B.,  F.G.S. ; 

Messrs.  S.  R.  Pattison,  F.G.S. ;    C.  W.  Peach ;    John  Ruskin,  M.A., 

LL.D.,  F.G.S. ;  G.  Poulett  Scrope,  F.R.S.,  F.G.S. ;    S.  H.  Scudder ; 

H.  G.  Seeley,  F.G.S. ;  S.  Sharp,  F.S.A.,  F.G.S. ;  Revs.W.  S.  Symonds, 

M.A-,  F.G.S. ;  J.  S.  Tute,  M.A. ;  Messrs.  J.  F.  Walker,  B.A.,  F.G.S. ; 

J.  M.  Wilson,  M.A.,  F.G.S. ;    S.  V.  Wood,  junr.,  F.G.S. ;    B.  H. 

Woodward,  &c. 
Besides  these,  we  are  indebted  for  Notices  and  Reviews  to  many 

gentlemen  whose  names  we  have  not  authority  to  publish,  but  to 

whom  we  sincerely  tender  our  thanks. 
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Ylll  PREFACE. 

Nor  have  we  failed  to  reoeive  a  goodly  array  of  Letters,  which, 
like  the  Original  Articles,  treat '  de  omnibus  rebus  et  quibusdam 
aliis '  in  G^logy  and  Palaeontology,  and,  as  far  as  our  space  has 
permitted,  we  have  given  to  each  and  all  a  place.  We  most,  how- 
ever, again  beg  our  Correspondents  to  make  their  letters  as  concise 
as  possible,  so  as  to  allow  of  the  insertion  of  as  much  variety  both  of 
matter  and  opinion  as  can  be ;  bearing  in  mind  that  a  single  letter 
by  its  length  often  shuts  out  several  other  communications  equally 
deserving  of  a  place. 

In  the  matter  of  Typography  and  Illustrations,  the  Artists, 
Printers,  and  Publishers  have  done  their  very  best ;  and  if  only 
more  Subscribers  will  lend  us  their  aid,  we  promise  them  a  hundred- 
fold in  return. 

Lastly — If  they  have  not  done  so  already,  Annual  Subscribers  are 
earnestly  requested  to  send  in  their  names  and  subscriptions  to 
Messrs.  Trubner  &  Co.,  60,  Paternoster  Bow,  London,  E.C. 

The  Geological  Magazine  can  be  obtained  through  all  Book- 
sellers in  town  or  country;  but  if  any  difficulty  or  delay  arises 
through  this  method  of  procuring  it,  the  Publishers  will  always  be 
happy  to  send  it  direct  per  post. 

The  Editor. 


k 


All  Communications  for  the  Geological  Magazine  should 
addressed  to  the  Editor,   142,  St.  Paul's  Bead,  Camden  Sq 
N.W. 

Books  for  Beview,   and   Parcels   from  abroad,    should   be  secn^ 
addressed  to  the  Editor,  at  60,  Paternoster  Bow,  E.C. 

Form  finr  Snbsoribeni  to  fill  up  and  send  to  their  Booksellers. 

To 

Be  pleased  to  add  my  name  to  the  List  as  a  Subscriber 

for  one  copy  of  Volume  VI.  of  the  Geological  Magazine,  to  bo 

published  monthly  by  Messrs.  Trubner  &  Co.,  the  First  Part  of 

which    appeared  on  January  1,  1869,  price  Eighteenpence  each 

number. 
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I.— 0«  A  Nc#  XdiiAAo  OfeMlAcmur  fJffLociiraxiv  r,i«un»3'  -'}■*•- 
iKHC  TBB  U^nB  ftoiiiBuar  or  Lna^u&obir,  LuruuHtBB.  ,    '^..- 
Bt  Smw*  yfMom^MB,  V.G3,  r.ZJ. 
(FUIS    l4  Kf.  1.) 

k  pt^MT  which.  I  communicated  to  the  Geological  Society  of, 
_  Limdoa,  Nov.  21,  1B66,'  ("  On  sorao  points  in  the  etnicture  tdT.^ 
(be  Xnifcorara,  having  reC^reuce  to  their  relationship  with  the  ^tafi 
Tpterufo")  I  have  recorded  all  the  then  known  genera  both  of  Xi»| 
fkatmra  wbA  of  Eurifpterida,  and  in  the  tables  which  accompany  thM 
fint  port  of  my  Monograph  on  the  JSeroitomata,'  I  have  given  bo^] 
tlte  genen  and  epecioB  with  their  range  in  time  and  Apace. 

AlUiongh  it  will  l,e  n-.-im,  1>y  a  i-rf(.rcin>.>  i.j  the  l;i«t.i,ainod  work, 
that  none  of  the  Xiphogwra  have  hitherto  been  found  in  strata  older 
than  the  Coal-measnree,  yet  I  have  pointed  out  the  existence  of  cer- 
tain Silurian  forma  (included  by  me  in  the  sub-order  Eurypterida), 
which  indicate  a  paBsage — as  it  were — between  the  Eurypterida  and 
PUrygoti  proper,  and  tLe  lAwatida.' 

It  was  wiUi  extreme  interest  therefore,  that  I  obtained  &om  Ur. 
Bobert  Slimon,  in  September  last,  the  first  evidence  of  the  ezistenoe 
of  a  true  Limuloid  form  of  Gmstaoean  from  the  Uppermost  Silurian 
abales  of  Idnu'kBhiie. 

It  is  hardly  possible  to  estimate  too  highly  the  persevering  labours 
of  Mr.  Slimon  and  his  sons  in  the  investigation  of  these  Lesmahagow 
deposits,  and  one  is  led  to  reflect  what  an  enormous  amount  of  ad- 
ditional knowledge  would  result,  if  other  local  geologista  devoted 
themselvee  with  the  same  energy  to  the  investigation  of  the  rocks 
of  their  own  partjcnlar  district 

Unlike  the  majority  of  the  Crustacea  obtained  from  Uiese  deposits, 
our  present  acquisition  cannot  be  classed  among  the  giants  of  those 
days,  the  specimen  only  meaauring  five  and  a  half  lines  in  greatest 
length  and  six  lines  in  greatest  breadth.  It  is  preserved  upon  the 
extreme  edge  of  a  piece  of  shale,  so  that,  imfortunately,  the  ultimate 
segment,  as  I  conceive,  and  the  telson  or  tail-spine  are  wanting 
through  being  cut  off  by  a  cleavage -plane.  I  have  allowed  the  artdst 
to  indicate  their  probable  size  in  outline,  in  Plate  I.  Fig.  1  a ;  &&  leot 
of  the  figure,  actually  preserved  in  the  fossil,  being  shaded. 

>  Sea  QdmL  Joani.  Owl.  Soo.  Feb.  1867.    Vol.  iitii.  p.  38.  PL  I.  and  II. 

*  Falaonli^nipluad  Boattj,  tdL  lii.  December  1866. 

■  Qnait.  Jonm.  OeoL  Soc  toL  uiiL  p.  31.  PL  I.  Bgf.  S-&  ^ 


2  jB,  Woodward — On  a  new  King-crab 

The  head-shield  is  nearly  two-thirds  broader  than  long,  the  front 
margin  is  seDucircular  and  smooth,  and  the  latero-posterior  angles 
are  acute  and  directed  backwards.  The  posterior  border  of  the  head 
is  conca¥9y^:Hrving  slightly  inwards  near  the  centre,  and  backwards 
towar^iBTth^  latero-posterior  angles. 

Thei^l&^lla  is  semicircular  and  has  a  tolerably  well-defined  lateral 
hoarder,  bepcurating  it  from  the  cheek,  but  it  approaches  to,  and  unites 
witll'the  border  of  the  head-shield  in  front.  A  line  (which  may  cor- 
reegoild  with  the  facial  suture  in  Trilobites)  passes  from  the  latero- 
•pM^sterior  horns  of  the  head-shield,  obliquely  across  the  cheeks,  and 
*\Uilites  with  the  lateral  border  of  the  glabella  just  where  the  com- 
'  pound  eyes  are  faintly  indicated.  (See  PL  I.  Fig.  la.)  A  raised  V- 
*  'shaped  lobe,  having  its  apex  directed  backwards,  marks  the  centre  of 
the  glabella :  near  its  apex  four  minute  dots  are  visible  under  the 
microscope,  these  are  most  probably  the  larval  eye-spots  or  ocelli. 
From  the  sides  of  this  V-shaped  lobe  two  corresponding  lines  diverge 
and  unite  with  the  posterior  border,  whilst  the  lateral  ridges  marking 
the  semicircular  border  of  the  glabella  curve  inwards  on  approaching 
the  posterior  border  of  the  head-shield  cmd  unite  with  tibe  median 
lines  near  the  ocelli.  The  segments  succeeding  the  head-shield  are 
free,  and  are  strongly  trilobed,  the  ends  of  the  pleursB  are  all  distinct 
and  falcate.  The  first  six  segments  are  thoracic ;  the  abdomen  pro- 
bably consisted  of  three  segments,  followed  by  an  ensiform  telson, 
but  only  two  of  these  segments  are  preserved.  The  breadth  of  the 
segments  diminishes  rapidly  backwards,  the  first  thoracic  measuring 
five  lines  across,  whilst  the  sixth  is  only  three  lines,  but  the  depth 
of  each  segment  is  nearly  uniform.  The  form  which  appears  to 
possess  the  same  number  of  segments  is  the  genus  Hemiaspis,  from 
the  Lower  Ludlow  of  Leintwardine,  in  which  we  find  six  thoracic 
and  three  abdominal  segments ;  but,  with  this  exception,  our  Lanark- 
shire fossil  is  a  much  more  Limuloid  form  than  Hemiaspis,  reminding 
one  strongly  of  Mr.  Baily's  Belinurus  regina  from  the  Irish  Coal- 
measures  ;  from  this  latter,  however,  it  is  also  easily  separable,  both 
in  its  general  form,  and  also  in  the  non-anchylosed  condition  of  the 
abdomen.  From  the  genus  Prestwichia  it  is  also  separated  by  the 
free  condition  of  all  its  segments. 

Another  new  form  of  Limidw  (Belinurus  Dana)  from  the  Coal- 
measures  of  Illinois,  U.S.,  has  been  described  by  Messrs.  Meek  and 
Worthen,'  for  which  Mr.  Meek  has  since  proposed  the  generic  name 
of  Euproops,  in  allusion  to  the  anterior  position  of  its  eyes.'  This 
new  form  is  considered  by  Mr.  Meek  to  be  more  near  Prestwichia 
anthrax,  than  to  Belinurus,  by  reason  of  its  anchylosed  segments,  but 
he  considers  that  it  differs  from  the  former  in  the  comparatively 
small  and  quadrangular  form  of  the  glabella.' 

1  Geologrical  Survey  of  Illinois,  1866,  toL  ii.;  PalsBontology,  p.  395,  PI.  32,  fig.  2. 

»  Gbol.  Mao.  1867,  Vol.  IV.  p.  320. 

*  Having,  through  the  kindness  of  Mr.  Prestwich,  F.K.S.,  the  type-specimenfl  of 
his  Limului  {FreBtwichia)  anthrax  in  my  possession,  I  am  the  more  aole  to  appreciate 
Mr.  Meek's  comparison  of  Euproops  Dana  with  that  species.  It  seems  hardly  possible 
to  do  more  than  separate  them  specifically :  of  their  generic  identity,  I  think  there  can 
be  no  doubt. 


Jn  tk$  l^Bper  Sbman  of  LsmarkMlire. 

,  Mot baing aMa toieferihe T^marVthiTe  ■pecmantoiiy  ^ 
Jeicribed  ganiis  of  JB^iotima,  I  pxopooe  to  name  it  JflotMiiiifM/abalBfc* 

I  ihaU  not  Qow  Tentoxe  to  diaooM  the  a£Bn^^ 
flie  lWloiiia»  aiKHnton  which  I  am  deeply  intereated;  fixate  on  aooonnt 
of  want  of  infonnation  aa  to  their  n^iendageai  and  aeoondly,  becn^ae  I 
believe  fliat  a  better  knowledge  of  the  biwwatoget  of  the  leoent 
ia  eaaential  to  a  trae  explanation  of  theae  earlieat  xeproaenta^ 
gronra  In  paat  time.    Dr.  Anton  Dohm  of  Jena,  and  Pto£  0. 0.1Carah 
of  Ijile  Odlle|;e,  Ct»  and  aeveral  other  able  natnndiata  have  pro- 
miied  me  their  aid  in  thia  intereating  inqoiiyp  whioh,  to  be  oanied 
out  in  a  prcmer  manner^  neoeaaitatea  a  temporary  reddenoe  on  the 
N  JL  Coaat  of  North  America  or  the  coaat  of  China  or  Japan,  where 
linng  Eing-craba  abomid. 

EXPLANATION   OF  PLATE  L,  Fig.  1,  U. 

Kg.  I.  jr#tfrMfcn>hfartMt,  H.Wbodw.  Natnnd  riie  (ilM  tail-niiie  aod  iMt  i^giBent 
ntfiorad)  ISrom  the  UmrnMMt  SflariaB  ahabi  of  Latmaaagoir,  Laaaruhin. 
Kg.  la.  The  Mine  imyiiiliw  four  timei. 

The  ofigmal  ^edmea  ii  now  in  the  Britiih  Mnieiini. 


n. — Qa  ▲  nw  BKAOHTURoua  Gbu8taob an  (Psosopoir  mammuj^tuu)^ 

mixm  THx  Gbbat  Ooun^  STOMaamu). 

By  Haamr  WooDWAan,  F.0.8^  F.Z.8. 
fPLATE  I.,  Fig.  2.] 

AMONG  the  new  Oolitic  Crustacea  to  which  I  drew  attention  at 
the  meeting  of  the  British  Association,  Dundee,  was  a  species 
of  Tro%f^pim  from  the  Stonesfield  Slate. 

Thia  genus  was  proposed  by  H.  von  Meyer,  in  1835,  for  certain 
minute  forms  of  Crustacea  from  the  Upper  White  Jura  of  Oerlinger 
Thai,  and  other  localities  in  Germany,  from  whence  he  has  described 
twenty-nine  species,  and  in  addition  to  these,  one  from  the  Lower 
Oolite,  three  from  the  Coral  Bag,  and  one  from  the  Neocomian 
(see  Falaaniographica,  for  December,  1860,  vol.  vii.,  p.  183,  pL  zziii.) 

In  it»  however,  are  included  forms  belonging  to  a  very  distinct 
&mily  which  cannot  be  placed  with  the  Carystida,  A  similar  form 
to  these,  from  our  own  Greensand,  has  been  figured  and  described  by 
Professor  Bell  in  his  Monograph  on  the  Fossil  Malacostraoous 
Crustacea  (Paladontographical  Society,  1862,  Part  ii.,  p.  9,  pi.  ii.), 
and  ia  correctly  referred  by  him  to  the  Finnoiherida,  under  the 
generic  name  of  Plagiophthalmus, 

I  would  suggest  that  into  this  genus  of  Bell's  should  be  removed, 
aD  those  species  at  present  included  imder  the  genus  Prosopon, 
which  have  **  an  evenly  egg-shaped  carapace  with  the  front  slightly 
produced  and  bent  downwards,  the  surface  nearly  smooth,  and 
marked  by  two  shallow  transverse  furrows  nearly  parallel  to  each 
other,  the  orbits  very  small,  elongate-oval,  and  placed  obliquely 
within  the  margin,  appearing  as  if  pierced  in  the  substance  of  the 
carapace"  (Bell,  op.  ciL  p.  9). 

'  rdofy  yomiff,  in  allusion  to  its  size,  and  also  its  early  appearance  in  time  (and 
Ummim) ;  zndjalaUtu  firom  the  sickle-like  form  of  the  boay-segments. 
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PlagiopMhalmuB^  Bell,  would  thus  probably  include  within  it  the 
following  species  of  H.  von  Meyer's  genus  Prosopon,  namely : — 

P.  heheif  P.  sitnpleXf  P,  roitratum,  P.  ipinomm,  P.  ehngatum^  P.  d&' 
prsiium,  P.  ohtusum,  P.  Stohingensej  P,  tuheromm,  P,  sublaeve,  P,  laeve, 
P.  punetatum.  The  following  are  doubtful :  P.  insi^ne,  P.  aqutlatumf 
P,  marginaium,  P,  grande,  P.  exeimm,  P.  Ungulatum. 

For  the  remainder,  the  generic  name  Prosopon  should  be  retained, 
namely :  P.  aculeatum,  P.  omatutn,  P.  paradoxum,  P.  torosum,  P.  Meg- 
dm*,  and  P.  aquum. 

Having  only  seen  actual  specimens  of  a  few  of  these  forms  I  do 
not  wish,  at  present,  to  do  more  than  indicate  those  species,  which, 
I  think,  will  need  revision.  They  all  occur  merely  as  detached  cara- 
paces, without  appendages,  and  the  under-side  of  the  fossil  usually 
adheres  firmly  to  the  matrix  and  is  therefore  seldom  seen. 

The  orab  now  to  be  described  (Plate  I.  Fig.  2),  although  larger 
than  the  Wurtemburg  specimens,  is  no  doubt  referable  to  the  genus 
Pirosopon  in  its  restricted  sense. 

It  was  first  noticed  by  Professor  Morris,  F.G.S.,  who  obtained  an 
imperfect  carapace  many  years  since ;  it  was  next  observed  by  Mr. 
Samuel  Stutterd,  of  Banbury,  who  found  a  portion  of  another  spe- 
cimen, which  he  kindly  brought  to  me  for  examination.  Lastly,  for 
the  very  perfect  carapace,  now  figured,  I  am  indebted  to  G^rge 
Griffith,  Esq.,  M.A.,  the  Assistant-General  Secretary  of  the  British 
Association,  who  procured  it  at  Stonesfield,  from  whence  the  two 
other  examples,  above  referred  to,  were  also  obtained. 

The  ipecimen  meaBores  fourteen  lines  in  length,  and  eleren  and  a  half  lines  in  hreath. 

The  front  of  the  carapace  is  four  lines  in  breadth,  and  is  marked  by  a  semi-circular 
depression  in  the  centre,  and  by  two  laterally  diverging  horns— similar  to  those  which 
ornament  the  front  of  the  carapace  in  many  of  the  Triangular  crabs.^  Immediately 
behind  these  horns  are  placed  the  orbits  which  are  bounded  on  their  exterior  angles 
by  short  blunt  spines.  Here  the  carapsce  measures  six  lines  across ;  the  hepatic 
region  then  swells  out  into  a  tumid  prominence,  ornamented  by  a  single  spine,  the 
breadth  of  the  carapace  being  increased  to  nine  and  a  half  lines.  Posterior  to  the 
hepatic  region  the  cervical  or  nuchal  furrow  crosses  the  carapace,  forming  a  deep  in- 
dentation oetween  the  gastric  and  cardiac  regions.  A  second  transverse  furrow,  three 
lines  behind  the  cervical  furrow,  indents  the  carapace  and  unites  with  the  cardiac 
frirrow  on  either  side. 

The  regions  of  the  carapace  are  all  well-marked  and  very  tumid :  the  gastric  region 
is  the  most  prominent,  and  is  marked  by  two  mammilUe  (which  have  suggested  the 
trivial  name).  When  viewed  in  profile  (see  PI.  I.  Fig.  2  a)  these  mammill»  are 
devated  three  and  a  half  lines  above  the  level  of  the  slab  on  which  the  carapace 
rests.  The  posterior  border  of  the  cara|>ace  is  nine  lines  in  breadth,  and  but  slightly 
curved.  The  branchial  and  cardiac  regions  of  the  carapace  are  covered  with  minute 
rounded  tubercles.  The  gastric  and  hepatic  regions  are  also  tuberculated ;  but  the 
tubercles  are  fewer  and  of  larger  size. 

In  a  paper,  oommimicated  to  the  Geological  Society,  May  23rd, 

1866  (which   was  published  in  the  Quarterly  Journal,  vol.  xxii. 

p.  493,  pi.  xxiv.  fig.  1),  "On  the  oldest  known  British  crab  (Pate- 

inachus  longipes)  from  the  Forest  Marble  of  Malmesbury,  Wiltshire," 

I  pointed  out  the  synthetic  characters  which  these  early  forms  of 

Crustacea  present.      In  Prosopon    mammillatum  we  have  another 

example  of  this  blending  of  characters  in  the  outset  of  the  Brth 

ehywra  in  Oolitic  times. 

^  The  Maeropcdiada  of  Milne-Edwards. 


-^■^ewTn/^h/es.^^trom.  the,  Upptr  CamhruKn,  Rocks 
of  North.  WcUes 


A  new  Crustacean  from  Stonesfield.  5 

Every  EyEtematic  naturalist  fuels  it  incumbent  on  him  to  refer 
the  foriD  he  ie  describing  to  ita  proper  pneition  ia  the  family  and 
dasa  to  which  it  belongs,  but  the  palteontologist  knowa  well  how 
difficult  it  is,  from  a  portioa  only  of  aa  animal  structure — whether 
Tertebrate  or  invertebrate — to  predicate  with  certainty  it«  true 
affinities.  In  the  present  case  the  genus  Protopen  has  been  referred 
to  the  Carylida,  a  group  which  nearly  approochee  to  the  Anoptoura 
of  MUoe-Edwards.  Even  upon  the  imperfect  knowledge  which  the 
present  form  gives  us,  we  are  leii  to  perceive  its  afGnities  with  the 
Artomoura,  and  probably  when  we  are  in  posseagion  of  fuller 
information,  we  shall  be  able  to  refer  it  with  confidenco  to  the 
Bomolitd<e,  a  true  Anomourous  family.  In  the  meantime  we  must 
ask  our  readers  to  be  contented  with  this  brief  description,  in  the 
hope  that  more  perfect  materials  may  shortly  be  discovered. 
SZPLAlf  ATIOH  W  PMTB  L,  Fi(.  1. 
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BfTiMuBKA.  FJ}JI. 
[PUIEn.l 

HATING  desorftied  in  some  detail,  the  rocks  of  the  Maentwrog, 
FeatLoiog,  and  Dolgelly  groapa,  and  given  a  list  of  the  foniU 
fotmd  in  each,'  I  shall  now  make  some  general  remarks  upon  the  fauna. 
In  Part  I.  I  havetnMitioned  that  out  of  all  the  numerous  Trilobitea 
&om  the  Lower  Cambrian'  rocks,  only  two  genera,  Agtioatitt  and  Co- 
tiaeorypke,  have  been  foand  in  higher  strata.  Strictly  speaking,  t^is 
ia  only  true  of  Agnotltu,  which  passes  unchanged  in  type  from  the 
Henevian  to  the  Caradoo  strata.  On  the  contrary,  the  species  of 
Comaeonfpke  from  the  Lower  Cambrian  rocks  are  of  essentially 
different  type  from  those  that  have  been  placed  in  that  genns  from 
higher  be^.  The  latter  have,  I  believe,  be^  referred  to  the  genus  Ci>- 
noeoTfphe  raUier  from  superficial  resemblances  than  team  tme  affinity. 

lie  possession  of  facetted  or  un&eetted  plenm  has  been  oon<- 
■idered  of  snfficient  importance  to  separate  ol(wely  allied  tpedes  int^ 
distinct  families,  and  McCoy,  in  his  Classifioation  of  the  IVQobita, 
has  even  foanded  his  two  main  divisions  apon  that  feature.  The 
facetting  of  the  pleone  may  be  of  generio,  hut  it  is  not  of  hif^r 
value.  The  absence  of  facets  to  the  plenree  of  Paradoxidet  and  Olawn 
does  not  prove,  as  some  paleeontologists  have  suppoaad,  that  they 
were  incapable  of  rolling  up.  Trilobites  with  flat  pleone  required 
no  facets  to  facilitate  that  operation.  It  is  only  when  the  pleurst^ 
■re  bent  down  near  the  middle  that  the  facets  are  of  use  in  allowing 
the  endu  of  the  pleurae  to  pack  in  underneath  each  other. 

It  is  through  exaggerating  the  importance  of  this  feature  that  some 

■  See  Geolooicu.  Haoazinb,  1867,  Vol.  IV.,  pp.  493  and  63S.  . 

*  'Hie  Lower  Cambriui  period,  ucording  to  the  dunflration  adopted  in  thii  P*P«  I  /^ 
■  anlf  part  of  the  "  PriinonlUl  Zone  "  of  Bemnde,  ai  that  illmtriooi  palsontologM  |  xV 
hm  iseluled  ia  it  Omni  and  iWtara,  which  in  mlitj  bdo|ig  to  a  Nooad  ttma*. 
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species  of  Trilobites  from  the  Dolgelly  and  Tremadoo  strata  faaye 
been  separated  from  the  Olenida  to  which  they  natorallj  belong, 
and  placed  with  tiie  Conocephalida  with  which  they  have  no  affinity. 
These  paeudo-Conocoryphe  have  a  thin  and  smooth  crost  and  axe  flat 
or  but  little  convex.  The  pleurse  are  falcate  and  pointed,  and  only 
slightly  bent  down  at  the  f olcram  ;  the  axial  farrows  are  shallow ; 
the  facial  suture  ends  below,  some  distance  within  the  posterior 
angle.  In  all  these  points  the  pseudo-Canocaryphe  approach  the 
^nns  Olenus,  The  typical  species  of  Conoeoryphe  from  the  Lower 
\  Cambrian  rocks,  on  the  contrary,  are  very  convex  €uid  have  a  thick, 
granulated,  or  even  sub-spinous  crust.  The  pleurae  are  strongly 
bent  down,  so  as  often  to  be  nearly  vertical  from  the  fulcrum ;  the 
axial  furrows  are  deep ;  the  facial  suture  ends  below,  close  to  the 
posterior  angle,  so  that  if  the  marginal  furrow  of  the  free  cheek  were 
produced  downwards  it  would  cut  the  suture.  In  all  these  points 
the  typical  Conoeoryphe  are  distinct  from  Olenve  and  approach  Caly- 
mens.  All  the  species  of  Conoeoryphe  from  the  Lower  Cambrian 
rocks  belong  to  the  typical  group,  and  all  the  species  that  have  been 
referred  by  various  authors  to  that  genus  from  the  Upper  Cambrian 
rocks  belong  to  what  I  have  called  the  psevdo-  Conoeoryphe ;  I  have 
only  retained  them  provisionally  in  Conoeoryphe,  because  it  is  im- 
possible without  specimens  of  Angelin's  species,  or  better  figures  of 
them  than  he  has  given  us,  to  determine  whether  they  belong  to  his 
genera  Solenopleura,  Centropleura,  etc.,  or  not.  The  whole  of  these 
pseudo'  Conoeoryphe  show  so  many  points  of  affinity  with  Olenua  that 
in  drawing  up  tiie  following  table  of  the  Trilohita  from  the  Maen- 
twrog,  Festiniog,  and  Dolgelly  strata,  I  have  had  no  hesitation  in 
including  them  amongst  the  Olenida. 

T&IL0B1TE8  OF  THB    MaEMTWBOG,    FbSTINIOO,   AND   DoLOSIXT  OrOUPS. 


s 

a 

• 

1 

Species. 

Mabzitwboo 
Bbds. 

Lower.  Upper. 

Festiniog 
Beds. 

Lower.  Upper. 

D0LOVLT.T 
Bbm. 

Lower.  Upper. 

Dikelocephalw  f  (kUieutj  Sal.    ... 

„               fdueoidaiiSf  Sal. 
Oonoeoryph$  fabdita.  Sal 

,.           fnwita,  SaL  

„            f  Williamaonuj  n.  sp. 

„            f  Umgispinoj  n.  sp. . . . 

„            fhueephalOf  n.  sp.  ... 

OUnuMgObonu'V/sM    

.,    truneatus,  Ansr 

..    eataraet$i.  Sal 

Parabolina  tpinidota,  Wahl 

Peltura  tearabaoidet,  Wahl 

SpharopMhalmtu  Aumt/M,  Phil.... 
„                   biauhatuB,  Phil. 

Aonottus  nodoiui*  Belt  

„      pm/ormis,  Lin 

„           „    Tar.  obetm.  Belt 

„             mgrt        •■.•••...••.••.••....••. 
..              ObiUtUtm   TL,  SD,    »» 

„      pnttctptf  auL  ...■•••••..• 
„      trittetut,  SaL  
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Tba  Lower  Cambrian  rocks,  with  their  moat  abundant  fauna,'  are  \~) 
followed  by  strata,  cootaining  but  two  genera  of  trilobitcB — Agnoatua 
ud  Ofenu*.  Of  these,  Agnostun  comes  from  below  and  passes  on 
upwards  unohanged  m  type,  Olexiva,  on  the  contrary,  only  remains 
true  to  its  typical  form  through  tho  Maentwrog  beds,  in  which 
it  Ims  three  British  representativea.  In  the  Upper  Festiniog  and 
Lower  Dolgelly  beds  it  branches  off  in  two  directions.  In  one, 
through  Conocoryphef  bucephtda  towards  the  pseudo-Conociyrgphe  and 
Dikftot^phali  of  the  Upper  Dolgelly  beds  ;  in  the  other,  through 
Paraboliua  gpiniilota  towards  the  Pellura  and  Sphaerophlhalmi  of  the 
Mme  atrata.     This  relation  is  shown  in  the  following  diagram  : — 

— Bikttot^halut.  -^^^^^^^^^^^ 


Mmj  liski  in  tjhs  ohain  am  mutiny  bol  ttiu  mnoh  u  oeitiip, 
ttj^  tfw  ^pioal  Obnf  <rf  the  lower  itnte  are  followed  by  two  genom ; 
coa  of  'wudi — CbiMMer|pft«f,  with  entire  pTvidinin  Mul  fitlotte 
iiMj>lt«il  pleunE^  k  iatemediato  between  the  Ofaw*  below  «nd  the 
CbaoeDrypk  f  and  DfteloMpkob'  ttbore ;  the  other,  FanibdtiiM  wIUl 
aensted  pygidium  and  apinoua,  unfiioetted  pleurse,  Intennediate 
between  ttie  OUni  below  and  the  Spharophihalmi  and  Peldirie  above. 
Tlua  reaolt  is  obtained,  not  by  piolong  out  &om  a  number  of  species 
tboae  that  could  be  brought  witiiin  such  a  generalization,  but  by 
naaax  all  the  species,  and  placing  them  in  the  order,  as  to  time,  in 
irlii^  they  oocnr  in  the  strata. 

Some  interesting  relations  between  the  fauna  of  the  Maentwrog, 
Featiniog  and  Dolgelly  beds,  and  that  of  the  underlying  Lower 
Gunbrian  rooks  on  the  one  hand,  and  of  the  overlying  TVemadoo 
■nd  Lower  Silurian  strata  on  the  other,  still  remain  to  be  pointed 
out.  Between  the  deposition  of  the  Upper  Menevian  and  the  Lower 
Ifaaitwrog  beds,  the  abundant  tauna  of  the  Lower  Cambrian  period 
disappears,  and  oar  next  horizon  shows  only  a  few  speciea  of 
Affttiftfut  and  Olemts;  the  latter,  pigmy  representatives  of  the  giant 
Paradofxidei  of  the  preceding  age.  ^  on  through  the  Maentwrog, 
Featjnit^,  and  Dol^lly  epochs,  the  various  Trilobites  that  soooes- 
errely  appear  either  belong  to  or  are  closely  allied  to  these  two 
genera.  The  fauna  is  a  compact  and  homogeneous  one.  We  have  no 
intnuions  of  new  types  of  struotore,  but  ttie  more  recent  forms  are, 
if  I  may  use  the  phrase,  tlie  natural  evolution  of  the  older.  When 
we  pass  on  upwards  into  the  Tremadoc  and  Arenig  epochs,  a  great 
sod  apparently  sudden  change  takes  place. 

La^e  Trilobites  belonging  to  the  Atajihidte  now  first  appear,  and 
tben  ttie  ChetruTida,  Trimieieida,  and  Calymenida  come  upon  the 
■tege.     Of  these  there  has  been  no  development  in  the  area  under 

',  Part  I.,  "Ta 
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consideration.     They  oome  in  like  an  invading  host,  and  the  few 
species  of  Olenida  and  AgnosHda  that  straggle  on  upwards  are  out- 
numbered, and,  as  it  were,  crowded  out,  by  the  intrudeiB.    It  is  an 
interesting  inquiry — ^froni  whence  did  &e  latter  come  ?  but  onr 
materials  are  too  scanty  to  furnish  a  reply.     It  is,  however,  to  1)e 
noted,  that  at  least  two  of  the  Lower  Cambrian  genera  which  are 
entirely  absent  throughout  the  Maentwrog,  Festiniog,  and  Dolgelly 
groups  are  represented  in  the  Tremadoc  and  Arenig  strata  by  two 
families,  greatly  modiiiod  it  is  true,  but  yet  showing  many  points 
of  structural  affinity  with  the  much  more  ancient  genera.    Mcro- 
discus  J  so  abundant  in  the  Menevian  beds,  comes  back  to  us  after  a 
long  absence  in  tlie  Tnnucleida  of  the  Tremadoc  and  Arenig  groups ; 
and  tlie  Menovian  Conocoryphe  are  represented  by  the  Calymenide  of 
the  Arenig  and  higher  rocks,  and  are  likewise  absent  from  the  inter- 
mediate strata. 

I  think  that  it  is  not  improbable  that  in  the  Tremadoc  epoch  we 
behold  the  return  of  a  fauna  driven  from  our  area  at  the  close  of  the 
Lower  Cambrian  i)erio(l,  and  which  has,  in  the  meantime,  been  greatly 
developed,  so  far  as  the  Trilobita  are  concerned,  in  some  other  area. 
Tills  supposition  would  be  a  hazardous  one  to  propound  on  the 
evidence  of  the  Trilobites  alone,  but  it  is  rendered  more  feasible  bv 
a  study  of  the  lower  forms  of  life  tliat  accompany  them.     The  sea 
towards  the  close  of  the  Lower  Cambrian  period  must  have  teemed 
with  life.      Besides  the  various   genera  of  Trilobites,  Pteropodous 
Theca  must  have  swarmed,  along  with  species  of  LinyuleUn,  (J^oleUa, 
Discina,  and  Protospougia,      When  the  Trilobites  disappear,  these 
lower  organisms   disappear  also.      A  few  specimens  of    LinguUUa 
have,  it  is   true,  been  found   in  the   Maentwrog  beds,    but   they 
belong  to  a  different  type  from  the  Lower  Cambrian  species,  and 
Theca,  Oholella,  IHscina,  and  Protospongia  are  unknown.      In  the 
Festiniog  bods,  one,  and  perhaps  two,  species  of  Lingulella  abound, 
but   tlu-y   are  of  the   same   tyi)e  as  the  Maentwrog   species,  and 
the  other  genera  are  still  absent     In  the  Dolgelly  beds  we  have 
the   rare  occurrence  of  Obolella,  and  a  single  specimen  of  Proto- 
spongia has  been  found  in  a  loose  stone,  believed  to  be  from  these 
strata.     ITie  LinguleUa  are  still  of  a  different  type  from  the  Lower 
Cambrian  forms,  and  not  a  trace  of  Theca  nor  Discina  have  occurred. 
When,  however,  we  pass  into  the  Lower  Tremadoc  strata,  all  the 
lower  types  of  life  present  in  the  Lower  Cambrian  rocks  come  back 
to  our  area,  almost  unchanged  specifically.     Theca  resembling  the 
Lower    Cambrian    forms    again    al)ound,    along    with    species    of 
OholelJa,  Lingulella,  Discina,  and  Protospongia,  so  like  the  Lower 
Cambrian  species  that  I  doubt  whether  they  can  be  distinguished 
from  them.     When  I  first  found  this  Lower  Tremadoc  fauna  upon 
the  flanks  of  Mynydd  Gader,  near  Dolgelly,  I  doubted  whetiier 
I  had  not  come  upon  Menevian  strata,  brought  in  by  some  great 
fault,  so  similar  were  the  lower  forms  of  life ;  and  it  was  only  the 
presence  of  Niohe  Homfrayi,  and  Asaphus  innotaius,  that  assured  me 
that  the  rocks  were  really  of  Lower  Tremadoc  age.    Lingulella  ferru- 
gxnea,  OholeUa  maculata,  Discina  lahiosa,  Protospongia  feneitrcUOy  and 
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P.  flaheUoj    have  almost  their  exact   coiintoiparts  in  the   Lower 

Tremadoc  rocks  of  Dolgellj,  although,  as  I  have  already  shown, 

there  are  5,000  feet  of  strata  lying  between,  occupied  by  an  entirely 

distinct  fauna. 

When  examining  the  nearly  barren  strata  of  the  Maentwrog  epoch, 

'  I  have  sometimes  speculated  on  the  cause  of  the  poverty  of  its  fauna. 

»  It  was  not  on  account  of  the  nearness  to  the  l>oginning  of  life  on 

f  our  globe,  for  in  older  rocks  still,  a  varied  fauna  abounded.    It  could 

;  scarcely  arise  from  conditions  of  sea  bottom,  for  thick  alternations 

of  sand,  with  fine  grained  sediments,  bespoke  varied  depths  of  water 

-  \  under  which   they   had  been  deposited.     The  blue   beds  of   the 

Maentwrog  strata  do  not  differ  lithologically  from  the  blue  beds  of 

the  Menevian  group.     Might  there  not  ho  in  these  ancient  epochs 

great  oscillations  of  climate,  such  as  we  have  certain  proofs  of  in 

more  recent  times  ?     Was  it  the  advent  of  a  cold  period  that  drove 

southwards  the  Lower  Cambrian  fauna,  excepting  a  few  modified 

k  forms  fitted  to  thrive  in  a  more  rigorous  climate  ?  and  was  it  the 

return  of  a  warmer  climate  in  the  Tremadoc  epoch  that  brought 

back  the  ancient  types  of  life  more  or  less  changed  ? 

NOTES    ON    THE    SPECIES. 

Conoeoryphef  Williamaonii,  spec.  nov.  (PL  II.  Figs.  7-11.) — ^Length 
1^-2^  in.,  breadth  |-1^  in.     Ovate  oblong. 

Hfod,  broadly  scmi-circalar,  with  short  etronfjp  iipixios  pointing  downwardn  and  ont- 
wards.  Glabella,  a  trancatod  cone,  with  two  pairs  of  oblique  fnrrowti.  Ejos  small, 
joined  to  tho  glabella  by  short  prominent  ocular  ridgos,  and  distant  from  it  about 
one-h&lf  its  width.  Frontal  limo  moderate,  with  a  narrow  margin.  Fixed  cheeks, 
carving  out  below  the  eye.     Free  cheeks,  broad,  with  a  scan-'oly  impressed  mai^n. 

Tkorax  of  14  rines.  Axis  tapcrinji^idepresscil.  PhMinc.  flat,  lirst  two,  pointed  and 
fltronfrly  facetted,  the  rrmaind<*r  falcate  and  very  slijfhtly  fsict'ttod. 

Pyifulinm  of  4  axial  riii^fs,  of  which  tho  last  is  poiiitiMi  ami  «»nil-^  in  a  narrow  ridjfo. 
mnniuf?  out  to  tho  margin  of  the  limb.     Limb  roninh'd  and  wlitrlitly  retuse,  with 
V  about  four  furrows.     Margin  deprc83*?d.  broad  next  the  pleura)  and  tapering  to  when» 

J  it  meets  the  ridge  from  the  last  axial  ring. 

f  The  hea«i  of  this  six^cies  wmiowhatrt'Sombles  C.  d^'prtsfa,  Salter,  but  is  easily  dis- 

tinguished from  it  by  the  d»'op  glabella  furrows,  falcat*?  ploursi*  and  truncate,  slightly 
retuiiC  tail.     I  know  of  no  other  species  with  which  to  compare  it. 

I  have  great  ph^anure  in  dedicating  tliis  fine  specie's  to  7ny  iViend  Mr.  Ezckiel 
Wiiliamson.  in  whose  company  it  was  tir«t  found  by  myself  in  1805,  in  the  black  shales 
of  the  Uj'per  Dolgelly  beds,  near  Khiw-folyn. 

Conacoryphe?  longispina,  spec.  nov.  (PI.  II.  Figs.  12-14. — Length 
J  in.,  brcadtli  J  in.     Ovate. 

Head. — Head  semi-circular,  witli  long,  slightly  curvod  spines,  reaching  beyond  the 

tail.     Glabella  oblong,  truncate,  about  as  broad  as  long,  with  two  pairs  of  deep. 

obliqae  furrows,  of  which  the  lowest  is  most  oblique,  and  reaohos  noarly  to  the  neck 

farrow.     Eyes   larg«.»,  connect«»d  to  the   glabella   by  prominent  (xiular  riilges,  and 

distant  from  it  rather  less  than  one-half  its  width.     Frontal  limb  broad,  with  a 

!  lineated  margin.   Fixed  cheeks,  minute.    Free  cheeks  broad,  with  a  lineated  margin. 

Thorax  of  14  rings.     Axis  regularly  tapering.     Axial  rings,  with  a  small  tubercle 

I  at  each  end,  and  traces  of  a  central  tubercle,  which  are  more  prominent  on  the 

lower  rings.       Upper  pleuno  pointed,   strongly  facettt^d ;    middle   pleuno   falcate. 

moderately  facetted,  lower  pleunc  truncate,  slightly  facetted  :  all  bent  down  at  leas 

than  one-half  their  length  from  the  axis. 

Plfgidium  sab-rotund,  of  three  axial  rings.  Limb,  with  three  furrows.  Margin 
narrow,  linear. 

This  species  is  easily  distinguished  by  its  long  head  spines ;  short,  broad  glabella ; 
long  eyes  and  broad  frontal  margin.  It  occurs  sparingly  along  with  the  last  in  tho 
Upper  Dolgelly  beds,  near  Bhiw-felyn,  where  I  discovered  it  in  1805. 
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Omoeoryphef  hueephala,  spec.  nov.  (PL  11.  Fig.  1-6).  Lengtli  If  in. 
Breadth  1  in.     Ovate. 

Head  broadiv  semi-circnlar  with  strong^  spines  pmnting  downwards  and  a  litUe  ooi- 
wards.  Glabella  snbconical.  tmncated,  ver^  prominent  and  without  fnnows  when 
perfect,  Figs.  1  and  2 ;  bat  when  crashed  ¥ig.  8,  or  divested  of  outer  cnut  Figs.  4 
and  5,  showing  two  pairs  of  internal  ones  of  which  the  upper  is  short  and  the  lower 
long  and  very  oblique,  reaching  nearly  to  the  neck  furrow.  Some  specimens  show  a 
third  short  pair  of  farrows  near  the  apex  of  the  glabella.  Ejres  small  and 
prominent,  distant  from  the  glabella  about  half  its  width  and  joined  to  it  by 
ocular  ridges  that  are  nearly  obsolete  in  perfect  specimens  o£  the  head,  but  clearly 
shown  in  crushed  ones.  Frontal  limb  narrow,  with  a  strong  triai^gular  mar^ 
marked  off  by  a  deep  groove.    Cheeks  broad,  prominently  convex,  with  a  wide  maigm. 

Thorax  of  14  (P)  rings.  Axis  convex,  tapering.  Pleurts  ftilcate,  pointed  strongly, 
grooved,  and  facetted.  Fulcrum  of  the  pleurs  prominent,  less  than  half  their  lex^jth 
distant  from  the  axis.    (See  PI.  II.  Fig.  6.) 

Pygidium  not  preserved  in  any  of  the  specimens,  but  it  must  have  been  small  and 
of  not  more  than  one  or  two  rings. 

The  specimens  of  this  species  when  perfect  have  all  their  parts  prominent  and  convex. 
The  head  is  large  and  resembles  C.  ?  depressa^  Sal.,  and  that  species  also  when  on- 
crushed  shows  no  glabella  furrows,  in  which  condition  it  is  C  ^  verisimilis,  Sal.,  and 
probably  also  C.  ?  vexata^  of  the  same  author.  Specimens  of  C.  ?  bweepkala,  flattened 
Dy  pressure,  resemble  Olenus  micrurust  Salter,  to  which  species  I  was  at  one  time 
inclined  to  refer  it,  but  an  examination  of  the  specimens  of  O.  mteruncs,  from  near 
Trawrfynydd,  in  the  Museum  of  Practical  (Jeologyt  has  convinced  me  that  it  is  a  tnie 
Olentu  and  quite  distinct  from  C  ?  bueephala,  C,  ?  bucepkala  is  not  uncommon  at 
Gwern-y-barcud,  near  Penmaen-pool ;  on  Mynydd  Gader,  and  near  Craig-y-Dinas, 
along  with  Hym^nocaris  vermicauda,  Bellerophon  Cktmbriensis,  and  a  small  Linffula  in 
Upper  Festimog  beds. 

Spharophihcdmus  hisvlcatus,  Phil. ;  syn.,  Olenw  histdccUus,  Phil.  Olenus 
(Sp^^rophthalfnus)  pecten,  Salter.  Olenw  (Spharoph,)  flageUi/er,  Sal. 
OlenuB  alatuB,  Sal. 

I  have  examined  the  specimens  in  the  Museum  of  Practical  Geolo^,  on  which  the 
above  species  were  founaed.  Thev  are  fragments  only,  variously  distorted.  When 
they  are  studied  in  connection  wim  the  perfect  specimens  that  we  have  now  obtained 
from  the  Dolgelly  district  there  can,  I  think,  be  no  doubt  of  their  being  one  and  the 
same  species.  I  think  the  species  cannot  be  referred  to  Olenus  (Sphmr!)  aUOut,  Bosck, 
unless  we  assume  a  large  amount  of  error  in  Angelinas  figure  of  that  species,  as  he 
shows  the  pygidium  entire  and  with  four  axial  rings,  whereas  Sph,  bisulcahts  has  a 
minute  serrated  pygidium  of  two  rings  only,  and  is  furnished  with  a  long  terminal 
spine.  Some  fragments  of  Spharoph.  alatus,  BoBck,  in  the  Museum  of  tiieueolosioai 
Society  resemble  Sphttraph,  numiltSt  Phil.,  but  that  species  also  has  a  minute  pygicUam 
with  a  long  terminal  spme.  At  the  same  time  I  think  it  highly  probable,  that  when 
we  are  able  to  compare  our  Cambrian  trilobites  with  specimens  of  the  S<»UDdinavian 
species,  many  of  our  names  will  have  to  give  place  to  those  of  Angelin,  though  we 
cannot  at  present  identify  them  by  the  figures  he  has  given  us. 

Mr.  E.  Williamson  discovered  this  species  in  the  black  shales  at  Bhiw-feTyn  in 
1866.  More  recently,  Mr.  J*  C.  Barlow  found  it  in  great  profusion  within  a  few 
yards  of  the  first  discovery.  A  band  of  about  three  inches  thick  of  the  shale,  is 
almost  entirely  composed  of  the  remains  of  S.  bisulcatuSt  along  with  a  few  specimeiM 
of  S.  humilis. 

Agnostus  ohiusus,  spec.  nov.  (PL  U.  Figs.  15,  16).  Length  ^in., 
breadth  ^in.     Oblong,  obtuse. 

Head,  a  truncated  semi-circle.  Glabella  five-eighths  length  of  head,  ovate, 
obtuse,  with  a  nearly  obsolete  central  ^tubercle,  and  traces  of  a  nearly  obsolete 
furrow,  separating  a  terminal  lobe.  Two  minute  triangular  lobes  at  base  of  glabella. 
Limb  nearly  of  equal  width  all  round.    Margin  narrow. 

Thorax,  of  two  rings.    Axis,  broad. 

Fwidium,  shaped  Hke  head.  Axis,  short,  pentangular,  one-third  the  length  of  the 
pygimum,  with  a  nearly  obsolete  tubercle,  near  the  end.  Limb  narrow  at  the  sides, 
and  broad  at  the  end  of  the  axis.  Margin  marked  off  by  a  deep  groove,  and 
widened  near  the  lower  angles,  where  it  has  a  short  spine  on  each  side. 

This  species  belongs  to  the  same  ^up  as  A,  tardus,  Bar.,  A.  laUfforwuB,  Ang.,  and 
A.  tr^todus,  Sal.,  from  all  of  which  it  differs  in  the  much  shorter  and  nnlobed  azis  of 
tfais  pygitUom.    In  the  Upper  Dolgelly  beds  at  Bhiw-felyn,  I  have  foond  this  speeiM 
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T8IT  sparingly,  along  with  A.  trisedus,  A.  prineeps,  and  the  other  foesils  of  the  black 

Agnoshts  triteeiuM,  Salter. 

TioB  species,  described  from  imperfect  specimens  of  the  pygidiam,  occurs  in 
^reat  abondance  in  the  black  shal^  at  Bhiw-felTn,  where  I  have  obtained  numeroos 
Miiect  specimens,  a  complete  series  of  whicn  is  now  deposited  in  the  British 
Mnsenm.  These  show  that,  like  A.  prineeps,  it  was  famished  with  marginal  spines 
to  the  pygidinm ;  and  other  close  resemblances  make  it  most  difficult  to  dis- 
tingnish  some  of  the  specimens  from  that  species,  with  which,  however,  I  hesitate 
at  present  to  join  it,  especially  as  the  able  author  of  the  Monograph  on  the  Trilo- 
bits  has  announced  his  intention  of  dealing  with  the  Agnostida,  in  tiie  next  part  of 
that  ralnable  work. 

Agnostus  Barlotoii,  spec.  nov.  (PL  11.  Figs.  17, 18). — ^Length  ^in., 
breadth  ^in.     Oblong,  ovate. 

Head  rounded,  ovate,  plain,  rising  from  all  sides  to  a  point  near  the  base.  Margin 
T«7  narrow. 

thorax  at  two  rings.    Axis  trilobate. 

Pygidium^  shaped  like  head,  rising  to  a  central  point  near  the  base,  with  two  slight 
ind^tattons,  marking  the  commencement  of  an  oosolete  axis. 

This  species  resembles  Angelinas  figures  of  his  A.  glandiformis  and  A,  bitubereu- 
Itbu^  bat  differs  in  the  absence  of  tubercules,  and  in  its  trilobate  thoracic  axis.  To  A. 
ftnAtj,  Bar.,  it  comes  still  nearer,  but  that  species  has  neither  the  axial  furrows  of 
the  pygidium,  nor  the  trilobate  thoracic  axis  of  A.  Barlowii. 

It  is  a  striking  example  of  the  persistence  of  type  amongst  the  AgnoHida,  that 
the  nearest  known  ally  of  A.  Barlowii^  which  is  a  Tremadoc  form,  should  be  a 
species  from  the  Lower  Cambrian  rocks  of  Bohemia. 

It  occurs  in  the  Lower  Tremadoc  beds  near  Rhiw-felyn,  along  with  Asaphus  inno- 
tttus^  Niobe  Homfrayi,  Conocoryphe?  depressa,  etc.,  where  it  was  first  found  by  Mr.  J.  C. 
Barlow,  of  Birmingham.  This  species  comes  from  rocks  a  little  beyond  the  limits  of 
this  paper,  but  I  include  it,  as  it  is  the  first  example  of  Agnostus  from  British  Tremadoc 
strata,  and  for  the  purpcwe  of  commemmorating  the  services  of  Mr.  J.  C.  Barlow,  in 
elucidating  the  geology  of  the  Dolgelly  district. 

Bellei'ophan  CambriensiSj  spec.  nov.  (PI.  II.  Figs.  19,  20.) 
Broadly  involute  with  three  or  four  distant,  coarse  ridges  of  growth,  crossed  by 
faint  longitudinal  strise ;  keel  narrow. 

The  discovery  of  this  species  carries  the  range  of  the  Heteropodous  Mollusca  much 
lower  down  in  the  Cambrian  rocks  than  was  before  known.  I  first  found  it  near 
Craig-y-dinas,  but  have  since  discovered  that  it  is  not  uncommon  along  with  Cono- 
coryphe?  bucephala  and  Hymenocaris  vermicauda,  wherever  the  Upper  Festiniog  rocks 
are  exposed  as  on  Mynydd-gader,  and  at  Gwem-y-barcud,  near  Penmaen-pool. 

EXPLANATION    OF    PLATE    II. 

Figi.      1-6.     Canocoryphe?    hucevhala^   si>ec.    nov.,    from    specimens  in  British 

Museum  and  collection  of  Thos.  Belt. 
,,       7-11.     Conocoryphe?  fVilliainsonii,  spec,  nov.,  from  specimens  in  British 

Museum  and  collection  of  Thos.  Belt. 
„     12-14.     Conocoryphe?    lonaispina,  spec,    nov.,    from    specimens  in  British 

Museum  and  Museum  Practical  Geology. 
„     15, 16.     Agnostus  ohtusus,  spec,  nov.,  from  specimens  in  British  Museum. 
„     17, 18.    Agnostus  Barlowii^  sp>ec.  nov.,  from  specimens  in  British  Museum 

and  collection  of  Mr.  J.  C.  Barlow,  of  Birmingham. 
„     19, 20.    BelUrophon  C'ambriensis,  spec.  nov.    Both  specimens  figured  are  on 

one  slab  in  British  Museum. 

ERRATA. 

In  Part  I.,  page  495.  Table  of  the  Cambrian  rocks.  Oholella  should  have  been 
marked  present  in  the  upper  part  of  the  Dolgelly  group  and  lower  part  of  the 
Tremadoc  group,  and  JHscina  in  the  lower  part  of  the  Tremadoc  group. 

In  Part  II.,  page  540,  line  18  from  the  bottom,  for  Conocoryphe  micrurOf  Sal.,  read 
Conocoryj^?  bucephala^  spec.  nov. 
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lY. — On  Brecoiatid  Conobstionb. 

Bt  John  Buskin,  Eso.,  F.O.S. 

(CoNnNTBD  FaOH  THE  NoTBMBBR  NlTMBBK,  P.  483.} 

(PLATE   III.) 

rB  states  of  semi-crystaUine  silica  are  so  yarioaSy  and  so  coi 
nected  in  their  variety,  that  the  best  recent  autiiiorities  ha' 
been  content  to  group  them  all  with  quartz,  giving  to  each  only 
few  words  of  special  notice ;  even  the  important  chapters  of  Bisdi 
describe  rather  their  states  of  decomposition  and  transition  than  t] 
minerals  themselves.  Nevertheless,  as  central  types,  five  conditio] 
of  silica  are  definable,  structurally,  if  not  chemically,  distinct ;  ax 
forming  true  species :  and  in  entering  on  any  detailed  ezaminatu 
of  agatescent  cmrangements,  it  is  quite  necessary  to  define  with  pr 
cision  these  typical  substances,  and  their  relation  to  crystalline  quad 
I.  Jasper, — Opaque,  with  dull  earthy  fracture ;  and  hard  enou^ 
to  take  a  perfect  polish.  When  the  fracture  is  conchoidal  the  miner 
is  not  jasper,  but  stained  flint.  The  transitional  states  are  confuse 
in  fracture ;  but  true  jasper  is  absolutely  separated  fit)m  flint  by  t. 
structural  characters ;  on  a  small  scale  it  is  capable  of  the  mc 
delicate  pisolitic  arrangement ;  and  on  a  larger  scale  is  continual 
found  in  flame-like  concretions,  beautifully  involved  and  contorte 
But  flint  is  never  pisolitic,  and,  in  any  fine  manner,  never  coiled ;  n* 
do  either  of  these  structures  take  place  in  any  transitional  specime 
until  the  conchoidal  fracture  of  the  flint  has  given  place  to  the  dc 
earthy  one  of  jasper;  nor  is  even  jasper  itself  pisolitic  on  the  fractui 
being  too  close-grained.  The  green  base  of  heliotrope,  with  a  pe 
fectly  even  fracture,  may  be  often  seen,  where  it  is  speckled  wii 
white,  to  be  arranged  in  exquisitely  sharp  and  minute  spherical  coi 
cretions,  cemented  by  a  white  paste,  of  which  portions  sometim* 

take  a  completely  breeciated  aspect,  eac 
[fragment  being  outlined  by  concave  soj 
ments  of  circles  (Fig.  1).    Jasper  is  em 


I 


nently  retractile,  like  the  clay  in  septari 
;and  in  agates  often  breaks  into  warpc 
:  fragments,  dragging  the  rest  of  the  stoi 

-into  distortion.    In  general,  the  imbeddc 

Figr.  1.  fragments  in  any  breeciated  agate  will  1 

mainly  of  jasper ;  the  cement,  chalcedonic,  or  quartzose. 

n.  Flint, — Amorphous  silica,  translucent  on  the  edges,  with  fii 
conchoidal  fracture.  Opaque  only  when  altered,  nascent,  or  staine 
Never  coiled,  never  pisolitic,  never  reniform ;  these  essentially  n 
gative  characters  belonging  to  it  as  being  usually  formed  by  a  slo 
accumulative  secretion,  and  afterwards  remaining  unmodified  (pp 
serving  therefore  casts  of  organic  forms  with  great  precision).  It 
less  retractile  than  jasper ;  its  brecciate  conditions  being  not  so  muc 
produced  by  oontraction  or  secession,  as  by  true  secretion,  even  whc 
most  irregular  in  shape  (as  a  row  of  flints  in  chalk  differ  from  tl 
limestone  fragments  represented  in  Vol.  IV.  Plate  XX.  Fig.  3,  whic 
might  stand  for  a  jasperine  structure  also).  But  there  are  innume 
able  transitions  between  these  two  states,  affected  also  by  extern 
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Tiobmee,  wkicti  we  Bhall  h&ve  to  examine  carefully.  Within  these 
nodular  concretions,  flint  is  capable  of  a  subsoquently  banded,  though 
not  pifiolittc  arrangement.  (See  Dr.  S.  P.  Woodward's  paper  on  banded 
flinta.  in  tbiB  Magazine,  Vol.  I.  for  October,  1864,  p.  145.) 

m.  Chakedimy. — Beniform  ailica,  translucent  when  pure,  opaque 
only  ichen  stained,  nascent,  or  pausing  into  quartz.  The  essential 
dujacteristic  of  chalcedony  is  its  reniform  structure,  which  in  the 
pure  mineral  is  as  definite  as  in  wavellite  or  hmmatite,  though  when 
it  is  TTipidly  cooled  or  congealed  from  its  nascent  state  of  fluent  jelly 
it  may  reoi^n  as  a  mere  amorphous  coating  of  other  substances ;  very 
rarely,  however,  without  some  alight  evidence  of  its  own  reniform 
crystallization.  The  study  of  its  different  degrees  of  congelation  in 
agates  is  of  extreme  intrioocy.  As  a  free  mineral  in  open  cavities  it 
is  actively  stalactitic,  not  merely  pendant  or  accumulative,  but  ani- 
mated by  a  kind  of  crystalline  spinal  energy,  which  gives  to  its  pro- 
cesses something  of  the  arbitrary  arrangement  of  real  crystals,  mo- 
dified always  by  cohesion,  gravity,  and  (presumably)  by  fluid  and 
gsKOUs  currents.  . 

There  is  no  transition  between  chalcedony  and  flint     They  may   j 
be  intimately  mixed  at  their  edges,  but  the  limit  is  definite.     Im-  / 
pore    brown  and  amber-coloured  chalcedonies,  and  those  charged  1 
with  great  quantities  of  foreign  matter,  may  closely  resemble  flint,  J 
bat  the  two  eubstances  are  entirely  distinct     Between  jasper  and  J 
chalcedony  the  separation  is  still  more  definite  in  mass,  jasper  being  ^ 
never  reniform,  and  differing  greatly  in  fracture  ;  but  the  flame-like    | 
or  spotted  crimson  attuns  of  chalcedony  often  approach  conditions  of  | 
jasper ;  and  there  is,  1  suppose,  no  pisolitic  formation  of  any  sub- 
■tance   without  some  inherent  radiation,  which  assooiatca  it  with 
noiform  groops,  so  that  pisolitic  jaaper  must  be  considered  as  partly 
toftnmtive  to  chalcedony.     On  the  other  hand  chalcedony  seems  to 
M  into  common  crystalline  quartz  through  milky  stellate  quartz, 
■ociated  in  Anvergne  with  giitiate  and  hemispherical  forms. 

IV.  Opal. — Amorphous  tranalucrnt  silica,  with  resinous  fracture, 
id  eaaenlial  water.  DistinguiBhed  from  chalcedony  by  three  groat 
notonl  characteristics  :  a,  its  resinous  fracture  ;  b,  that  it  is  never 

flmlitiii  or  reniform ;  e,  that  when  zoned,  in  cavities  or  veins,  it« 
■Ml  «r*  alwayt  rectiliiuar,  and  transverse  to  the  vein,  while  those 
itdttlocdony  are  usually  undulating,  and  parallel  to  the  sides  of  the 
trin;  level  only  in  lakes  at  the  Iwttom  of  cavities. 

V.  Hgi^ile.  ■—  Amorphous  transparent  silica, 
vidi  vitreous  fracture,  and  essential  water. 
Sdtr  roniform,  nor  pisolitic,  nor  banded ;  but 

ri]|i.^.ii  of  irregularly  grouped  bosses,  geno- 
~J!;,'  .-lliptical  or  pear-shaped  (only  accidentally  i 
fju-rica.!),  formed  apparently  by  Buccessive  ac- 
aetaon  of  coata,  but  not  showing  banded  struc- 
nr«  internally  (Fig.  2).  Entirely  transparent, 
fith  splendid  smooth  glassy  fracture.     Some-  '^  ~ 

fines  coating  lava  ;  sometimes  in  irregularly  isolated  patches  upon 
'i-  spparetitly  conneol«d  in  structure  with  the  roseate  dusters  of 
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milky  chaloedony  of  Auvergne.  I  sball  keep  the  term  *'  gottate  " 
for  Uiis  particular  structure,  of  which  singular  varieties  also  occur 
among  the  homstones  of  Cornwall. 

These  five  main  groups  are  thus  definable  without  embarrassment : 
two  other  conditions  of  silica,  perhaps,  ought  to  be  separately  named ; 
namely,  cacholony,  which  seems  to  take  a  place  between  chalcedony 
and  opal,  but  which  I  have  not  yet  been  able  satisfactorily  to  define ; 
the  other,  the  calcareous-looking,  usually  whitish  agate,  which  often 
surrounds  true  translucent  agate,  as  if  derived  from  it  by  decom- 
position. I  am  under  the  impression  that  this  is  chalcedony,  more 
or  less  charged  with  carbonate  of  lime,  and  that  it  might  be  arranged 
separately  as  lime-jasper,  differing  from  aluminous  jasper  by  being 
capable  of  reniform  structure;  but  it  is  certainly  in  some  oaoes 
an  altered  state  of  chalcedony,  which  seems  in  its  more  opaque  sones 
to  get  whiter  by  exposure  to  light.  I  shall  therefore  call  it  white 
agate,  when  it  harmoniously  follows  the  translucent  zones ;  reaerving 
the  term  jasper  for  granular  aggregations.  Perhaps  ultimately  it 
may  be  found  that  nascent  chalcedony  can  take  up  either  oxide 
of  iron,  or  alumina,  or  lime,  and  might  relatively  be  called  iron- 
jasper,  clay -jasper,  and  lime-jasper ;  but  for  any  present  deaoriptive 
purpose  the  simpler  arrangement  will  suffice. 

These,  then,  being  the  principal  types  of  agatescent  silica,  it  is  of 
importance  to  define  clearly  Uie  two  structures  I  have  severally 
called  pisolitic  and  reniform. 

A  pisolitic  mineral  is  one  which  has  a  tendency  to  separate  by 
spherical  fissures,  or  collect  itself  by  spherical  bands,  round  a 
central  point. 

A  reniform  mineral  is  one  which  crystallizes  in  radiation  from 
a  central  point,  terminating  all  its  crystals  by  an  external  spherical 
surface.  It  is,  however,  difficult  to  define  this  character  mathe- 
matically. On  the  one  hand,  radiate  crystals  may  be  terminated  by 
spherical  curves,  as  in  many  zeolites,  without  being  close  set  enough 
to  constitute  a  reniform  mass ;  on  the  other,  radiate  crystals,  set  dose, 
may  be  terminated  so  as  to  prevent  smoothness  of  external  spherical 
surface,  and  I  am  not  sure  whether  this  smoothness  is  a  mere 
character  of  minute  scale  (so  that  chalcedony,  seen  delicately  enough, 
might  present  pyramidal  extremities  of  its  fibres  on  the  apparently 
smooth  surface),  or  whether,  in  true  reniform  structure,  the  crystal- 
lization is  actually  arrested  by  a  horizontal  plane :  I  do  not  mean  a 
cy stall ine  plane,  as  in  beryl,  but  one  of  imperfect  crystallization, 
presenting  itself  only  under  a  peculiar  law  of  increase.  Thus,  in 
haematite,  which  is  both  reniform  and  pisolitic,  the  masses  often 
divide  in  their  interior  by  surfaces  of  jagged  crystallization,  while 
externally  they  are  smooth  and  even  lustrous  ;  but  I  put  this  point 
aside  for  future  enquiry,  because  it  will  require  us  to  go  into  the  me- 
thods of  possible  increment  in  quartz-crystals,  and  for  our  present  pur- 
pose, we  need  only  a  clear  understanding  of  two  plainly  visible  con- 
ditions of  jasper  and  chalcedony,  namely,  that  jasper  will  collect  itself 
pisolitically,  out  of  an  amorphous  mass,  into  concretion  round  central 
points,  but  not  actively  terminate  its  external  surface  by  spherical 
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oarrw ;  while  ohalcsedony  will  energetioally  so  terminate  Itself  ex- 
tanuJly.  bat  will,  in  ordmary  cases,  only  develope  its  pisolitic  stnic- 
tDfe  sabordinately,  1^  fonning  parallel  bands  round  any  rough 
■mbice  it  haa  to  oover,  withont  collecting  into  spheres,  unless  either 
proTfAed  to  do  so  by  the  introdnction  of  a  foreign  substance,  or 
(nooorsged  to  do  bo  1^  accidentally  favourable  conditions  of  repose. 
And  here  bnmch  out  for  as  two  qaestions,  both  most  intricate ;  first, 
M  to  the  introdnodon  of  foreign  bodies  ;  secondly,  as  to  the  crystal- 
liiM  disposition  of  chalcedony,  nnder  variable  permission  of  repose. 

Fiiat— As  to  foreign  substances.      I  assume  that  in  true  pisolitic 
ooncretion,  such  as  &at  of  the  jasper,  roughly  sketched  in  Fig.  8. 


(it  is  not  a  coral — the  radiant  lines  are  merely  conventional  indica- 
tions of  the  grain  of  the  jasper,  so  far  as  it  is  visible  with  a  lens '), 
no  foreign  body  has  provoked  tbe  orbicular  arrangement.  The  jasper  is 
red  :  the  little  dark  circles  are  wells  of  pure  chalcedony,  each  con- 
taining witliin  it  a  white  ball  of  crystallized  quartz,  forming  a  Star 
on  the  section.  The  wbole  is  mj^nified  about  three  times  in  the 
drawing,  being  a  portion  of  a  horizontal  layer,  alternating  with  solid 
white  Jasper.  It  seems  that  the  pisolitic  structure  is  hero  truly 
native  ;  but  we  must  nevertheless  grant  the  possibility  that  the  balls 
of  quartz  may  have  bad  some  organic  atom  for  their  nucleus.  On 
the  other  hand,  in  the  ordinary  conditions  of  dendritic  agate,  in 
which  stalactites  of  chalcedony  surround  branches  of  clearly  visible 
chlorite,'  or  of  oxide  of  iron  or  manganese,  1  assume  that  in  the 
plurality  of  cases,  such  sustaining  substances  have  been  first  de- 
veloped, and  the  chalt^edonic  stalactite  afterwards  superimposed, 
being,  in  the  mcst  literal  sense  of  the  word,  "  superfluous  "  silica ; 
but  I,  nevertheless,  sec  great  reason  for  thinking  that,  in  many  cases, 
the  core  of  the  group  is  only  a  determination  to  its  centre  of 
elements  which  had  been  dispersed  through  the  mass.  In  the 
generality  of  Mocha-stones,  tlie  dendritic  osides,  so  far  from  being 
an  original  framework,  are  clearly  of  subsequent  introduction,  radi- 
cally following  the  course  of  fissures  from  which  they  float  par- 
tially into  tlie  body  of  the  imperfectly  congealed  gelatinous  mass ; 
in  other  more  rare,  and  singularly  beautiful  cases,  the  metallic 
oxides  ramify  in  curves  in  the  intervals  of  the  pisolitic  belts,  and 

<  Id  m;  woDilcut  <IUi[r>niB  I  ahull  « mploj  no  fine  eieculiun ;  tlie;  nill  be  mcrel; 
ilttulnliTc,  not  imitiliTe,— dingrann,  not  drawingi.  lu  the  plalea.  on  the  contrnrj, 
Vitb  Mr.  Allen-i  K«>d  bttp,  I  >hiill  da  the  best  I  can, 

*  Or  green  cnrlh  f  1  cannot  find  any  Rood  account  of  the  green  substance  which 
plaji  BO  important  b  part  in  the  exterior  ceat^  of  ogalca,  and  Iceland  chalcedoaies. 
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then  there  is  nearly  always  a  dark  xod  in  the  utalactitic  centre, 
which  may  or  may  not  be  solid.     In  the  finest  Hocha  stones, 
I  think  it  is  a  black  film  round  a  chaloedonic  nudens ;  but  in  the 
associations  of  limonitc  with  chalcedony,   it  is  usually  of  solid 
radiate  iron-oxide,  and  doubtless  of  prior,  though  perhaps  only  of 
immediately  prior,  formation.     A  more  complex  state  is  presented 
by  such  stalactites,  when  enveloped  in  a  ehalcedonic  solid  paste,  to 
which  they  do  not  communicate  their  0¥nQ  zoned  structure.     Ordi- 
narily, the  surrounding  mass  throws  itself  into  zones  parallel  with 
those  of  the  enclosed  stalactite ;  but,  in  some  cases,  it  is  of  quite 
adverse  structure,  perhaps  laid  level  across  the  stalactitic  falL 

The  conditions  admitting  the  interfusion  of  this  solid  paste,  aie 
strangely  connected  with  those  which  cause  chalcedony  to  form  true 
vertical  stalactites  and  straight  rods,  instead  of  arborescent  and 
twisted  stalactites.  I  have  never  seen  the  twisted  stalactite  unless  en- 
veloping fibres  of  some  foreign,  perhaps  oiganic,  substance,  enclosed 
in  massive  chalcedony ;  but  the  straight  stalactite  is  perhaps  oftener 
so  than  free  (unless  connected  with  limonite).  and  it  would  appear, 
therefore,  as  if  the  apparently  interposed  mass  were  really  of  contem- 
porary formation,  or  elRC  it  would  sometimes  enclose  the  contorted 
stalactite.  But  tliis  question  respecting  the  causes  of  the  vertical 
and  twisted  groups  ])roperly  belongs  to  the  second  branch  of  our 
inquiry  as  to  states  of  repose. 

Second :  Conditions  afiecting  mode  of  crystallization.  It  is  evident 
that  fluent  deposits  of  silica  contained  in  a  rock-cavity  must  be 
affected,  in  cfairso  of  their  solidification,  not  only  by  every  addition 
to  their  own  mass,  but  ]>y  every  change  in  the  tem])erature  or  grain 
of  tho  surrounding  rock,  so  that  we  have  innumerable  modifications 
of  state,  dependent  partly  on  accession  and  transmission  of  sub- 
stance, partly  on  changes  in  external  temperature  and  pressure. 
And,  under  tlicse  influences,  wo  perceive  that  the  gelatinous  silica 
occasionally  obeys  gravity,*  and  occilsionally  resists  it,  becoming 
sometimes  pendent  from  the  roof,  and  forming  level  lakes  on  the 
floor  of  ca>'itie8  ;  at  other  times,  throwing  parallel  bands  on  fioor  and 
roof  alike,  and  in  transitional  periods,  forming  thick  layers  on  the 
floor,  and  thin  ones  at  the  sides,  the  layers  being  liable,  meantime, 
to  different  degrees  of  compression  from  their  own  modes  of  solidi- 
fication, which  givo  them,  locally,  tho  appearance  of  an  elastic 
compn;ssion  and  expansion  :  there  seems  no  limit  to  the  fineness  of 
their  lines  at  these  compressed  points,  when  their  continuity  is  unin- 
terrupted. Figures  6  and  7  illustrate,  in  two  small  pieces  of  agate, 
each  hero  magnified  about  three  times,  most  of  the  appearances 
which  must  bo  severally  studied.  In  Fig.  6  the  lowest  band,  A, 
level  at  tho  bottom,  broken  irregularly  towards  the  rough  side  of 
the  stone,  is  yet  of  nearly  even  thickness  everywhere ;   above  it,  the 

^  I  use  this  word  gravity  in  somo  doubt ;  not  being  quite  sure  that  the  straight 
beds  are  always  hurizuntal,  or  always  inferior  to  the  real  deposited  at  the  same  time. 
I  have  one  spccimeu  in  which,  accorJing  to  all  analogies  of  structure,  it  wtiuld  appear 
that  the  vacant  space  is  under  the  level  floor,  between  it  and  reniform  chaloodony ; 
and  lometimea  these  floors  cross  pillars  of  stalactite  like  tiers  of  scaffolding. 
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with  a  black  central  line  encompasses  the  nhole  Ogata  aymmetri' 

?,     Then  a  white  band,  tbin  at  the  bottom,  projecla  into  conore* 

a  on  the  fionks.    Then,  a  thick  white  deposit,  B.  dotss  not  ascend 

tbe  flank  at  all ;  then  a  crystalliiie  bed,  with  piaolitic  concretiona 

>&e  bottom  of  it.  changes  into  dark  chalcodony  (drawn  as  black)^ 

^nds  at  the  flanks.      Then  another  thin  line  at  the  bottom, 

teoncretien  at  flanks  ;  then  one  thick  at  the  bottom,  thin  at  thi 

i  BO  upwards,     In  Fig,  7,  a  level  mass,  itself  composed  of 


in  two  diflerent  states,  one  separa^ting  into  flakes,  and  the  othef 
'laid,  is  surronnded  hy  bands  which  melt  into  it  with  gradually 
lifihing  thickness,  these  being  evidently  subordinate  to  an  e»- 
■nal  f<»ination  of  crystalline  quartz ;  the  whole  terminated  by  u 
■SIM  of  fine  bands  of  graduated  thickness,  and  by  clear  chalcedony 
{tfnwa  ■>  black). 

Nonr  all  these,  and  many  more  snch  variations,  take  plaoa 
whbont  any  apparent  disturbance  of  the  general  maas,  each  bed 
noToRinng  itself  perfectly  to  the  caprice  of  ita  neighbour,  and 
IcftriE^  no  rents  nor  flaws.  But  an  entirely  different  series  of  phe- 
■Dmena  arise  out  of  the  fracture  or  distortion  of  one  deposit  by 
Bother,  after  the  first  has  attained  consistence.  Thus,  in  Fig.  4,  a 
jdlow  orbicular  jasper  is  split  into  segments,  singularly  stellate,  o> 
■iMet-like,  and  then  variously  lifled  and  torn  by  superimposed  chal- 
cedony ;  and  in  Fig.  5,  a  white  and  opaque  agatescent  moss  is  rent, 
vhile  still  ductile,  the  rents  being  filled  with  pure  chalcedony :  and 
from  this  state,  in  which  the  pieces  are  hardly  separate,  and  almost 
^£  together  by  connecting  threads,  we  may  pass  on  through  every 
|Jiase  of  dislocation  to  perfect  breccia ;  but,  all  the  whUe,  we  shall 
Snd  the  aspect  of  each  formation  modified  by  another  kind  of  fault, 
whid)  has  no  violent  origin,  and  for  the  illustration  of  which  I  have 
prepared  Plata  HI.  TTiis  plate  represents  (all  the  figures  being  of 
the  natural  size)  three  sections  of  amethystine  agate,  in  which  the 
principal  material  is  amethyst-qnartz,  and  the  white  jasperiae  bonds 
for  the  most  part  form  between  the  points  of  the  crystals. 

All  the  three  examples  are  types  of  pure  concrete  agatescence  in 
Hpose,  showing  no  trace  whatever  of  external  disturbance.  The 
bait  in  the  inclined  bed  at  the  base  of  the  uppermost  figure,  has 
mne  ^pearance  of  having  been  caused  by  a  shock ;  but  for  that 
iMKm  is  all  the  more  remarkable,  the  bed  beneath  it  being  wh^f 
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undisturbed,  and  its  own  fraotore  quite  stmcturaly  and  oonneoted 
with  the  crystalline  elevation  and  starry  concretion  above.  I  have 
no  idea  at  present  why  the  central  portions  of  these  concretiona  of 
dark  amethyst  are  partly  terminated  by  right  lines,  or  what  deter- 
miies  the  greater  number  of  bands  on  one  side  than  on  the  other. 

The  second  figure  is  of  a  less  varied,  but  of  still  more  coriouB  in- 
ter St.  There  is  no  trace  of  violence  or  fracture  in  the  stone,  and  the 
line  of  the  crystallized  amethystine  mass  is  undisturbed  at  the  sum- 
mits, except  by  a  partial  dissolution  in  one  part  and  mingling  with 
the  white  bands  above.  But  the  white  undulatory  band  at  its  base 
is  cut  into  three  parts,  and  the  intermediate  portion  lifted  (or  the 
flanks  removed  downwards),  a  quarter  of  an  inch,  by  pure  calm  crys- 
talline action,  giving  thus  room  for  an  interferent  brown  vein  of  less 
definite  substance  which  proceeds  without  interruption,  dividing 
the  white  band  in  a  direction  peculiarly  difficult  to  explain,  unless 
by  supposing  the  interferent  one  to  be  the  slow  filling  of  a  fissure 

originally  opened  in   the  direo- 

tion  of  the  black  line  in  Fig.  8, 

Fiff-  B.  and  straightened  in  widening. 

But  the  third  example  is  inexplicable,  by  any  such  supposition. 
It  is  the  agatescent  centre  of  a  large  amethyst  nodule,  in  which  a 
small  portion,  about  the  third  of  an  inch  long  and  a  quarter  of  an 
inch  thick,  of  its  encompassing  belt,  is  separated  bodily  from  the  rest, 
taken  up  into  the  surrounding  concretion  of  quartz,  and  its  place 
supplied  by  a  confused  segregation  of  chalcedony,  with  a  sprinkled 
deposit  of  jasper  spots  on  the  surface  exposed  by  this  removal  of  its 
protecting  coat;  spots,  which  in  the  rest  of  the  stone,  form  on 
the  exterior  of  the  coat  itself,  just  under  the  quartz.  There  are  many 
points  in  all  these  three  examples  which  it  is  useless  to  take  further 
note  of  at  present,  but  to  which  I  shall  return,  after  oolleoting 
examples  enough  to  form  some  basis  of  reasoning  and  comparison. 
I  must  apologize,  as  it  is,  for  the  length  of  this  paper  on  a  subject 
partly  familiar,  partly  trivial,  yet  in  which  these  definitions,  not  by 
skill  of  mine  expressible  in  less  room,  were  necessary  before  I  could 
proceed  intelligibly. 

V. ^NOTKS   OP  THE   WkATHKEINO  OP  EoOES   NEAR  THE   SrA. 

By  G.  Henry  Kinahan,  F.R.G.S.I.,  Etc. 

THE  following  notes  on  the  Weathering  of  Kocks  near  the  Sea, 
culled  from  my  note-books,  appear  to  be  facts  unobserved  by 
the  various  writers  on  subaerial  denudation.  Those  agents  would 
seem  to  act  differently  near  the  sea  than  away  from  it,  not  only  in 
the  quantity  of  the  work  done  but  also  on  the  colouring  matter  in  the 

rocks. 

As  to  colour,  I  find — "  In  the  neighbourhood  of  Valencia,  Co  Kerry, 
the  weather  seems  to  have  mostly  affected  the  red  colouring  matter 
in  the  rocks  for  those  of  a  purple  colour,  weather  a  whitish  blue, 
while  those  of  a  green  colour  only  become  brighter ;  inland,  the 
purple  rocks  are  weathered  red,  and  the  green  yellow ;  so  that,  there 
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e  ^weather  aeems  to  have  the  power  of  removing  the  blue  part  of 
le  colouring  matter."  In  my  notes  on  the  rocks  of  the  Co.  Galway, 
find  :  **  The  original  colour  of  the  Felsite  associated  with  the  granite 
1  the  north  of  Gkdway  Bay  seems  to  be  a  purplish  green  or  grey, 
at  at  the  coast  they  weatiier  red,  while  inland  they  weather  a 
ellowiah  or  dirty  white." 

On  the  disintegration  of  rocks  has  been  noted — "  At  the  sea-shore 
>iith  of  Baltimore,  Co.  Cork,  the  slates  immediately  above  the  in- 
nenoe  of  the  waves  have  by  the  weathering  out  of  their  slaty 
leavage  become  so  rugged  and  sharp  that  they  can  be  compared  to 
othing  but  knives  placed  side  by  side  with  their  edges  looking  up- 
rards  ;  this  appears  to  be  remarkable,  for  if  these  rocks  are  followed 
nly  a  little  iidand,  they  seem  scarcely  weathered  as  the  ice  stria  are 
mte  perfect  on  them."     "The  slates  composing  the  Little  Skellig,  \/i/f  ^ 
ff  the  coast  of  Kerry,  are  weamerea  along  the  nearly  vertical  deav-  1 
ge  planes,  giving  them  a  sharp  serrated  surface,  while  similar  rocks  ' 
n  the  main  land  only  a  little  removed  from  the  sea-coast  are  scarcely 
reathered" 

**  On  the  Aran  Islands,  Gktlway  Bay,  the  subaerial  agencies  seem 
3  denude  the  limestones  quicker  than  on  the  mainland,  for  on  those 
slands  the  perched  blocks  having  protected  the  portion  immediately 
inder  them,  now  stand  on  pedestals  from  four  to  six  inches  high, 
^rhile  inland,  the  pedestals  under  the  blockfl  rarely  exceed  four 
Qches,  and  generally  their  average  is  about  two  inches  and  a-half." 

"  The  veins  of  Eurite  that  traverse  the  Granites  on  the  north  of 
lalway  Bay,  are  scarcely  affected  by  the  weather,  and  thereby  give 
.  record  of  the  amount  of  waste  the  mass  of  the  granite  rocks  have 
mdergone  since  the  ice  disappeared  from  that  country.     From  them        ^ 
t  would  also  appear  that  the  granites  disintegrate  more  freely  nearC  j  ^A 
he  sea  than  away  from  it ;  for  inland  these  veins  stand  from  half      v'^^ 
n  inch  to  two  inches  above  the  mass  of  the  rock,  while  near  the     / 
ea  they  have  been  remarked  as  much  as  three  and  a-half  inches, 
jid  rarely,  if  ever,  are  less  than  an  inch  and  a-half;  moreover  in 
ome  places  near  the  sea,  even  the  Eurite  veins  are  weathered." 
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I. — On  Denudation  in  Scotland  since  Glacial  Times. 
By  Jahbs  Geikie,  Esq.,  of  the  Geological  Survey  of  Scotland. 

[Being  the  substance  of  a  paper  read  before  the  Geological  Society  of  Glasgow, 

28th  November,   1867.] 

MR.  JAMES  GEIKIE  began  by  remarking  that,  throughout  the 
wide  domain  of  Groological  inquiry,  there  was  perhaps  no  sub- 
ject of  which  it  was  easier  to  gain  some  idea,  and  yet,  at  the  same 
time,  more  difficult  to  acquire  an  adequate  conce])tion,  than  denudation. 
We  all  know  how  rains  and  frosts  and  chemical  decomposition  were 
employed  unceasingly  in  modifying  the  aspect  of  hills  and  plains, — 
how  rivers  were  ever  deepening  and  widening  the  valleys  in  which 
they   flowed — how  the  sea,  by  its  constant  wave -action,  aided  by 
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frotU  and  other  agencies,  tended  to  reduce  to  its  own  lerel  the  nlid 
lands,  with  all  their  infinite  variety  of  outline.     It  was  no- less 
generally  known  how  the  Greological  structure  of  a  country  must 
Y  always  influence  its  configuration — how  the  softer  rocks  would 
I  generally  lie  in  the  valleys,  and  those  of  a  more  durahle  nature  oe- 
\  cupy  the  heights — how  the  contour  of  the  heights  would  vary  aeoord- 
^ing  as  these  were  formed  of  schists  of  granite,  of  dolerite,  of  quarts- 
rock,  or  of  any  other  well-marked  species — and  how  this  peculiar  cha- 
racter was  due  to  the  unequal  manner  in  which  the  different  masses 
yielded  to  the  touch  of  the  atmospheric  forces,  so  that  a  trained  eye 

J"^  could  oftentimes  detect  at  a  considerable  distance  the  nature  of  the 
rocks  by  reference  to  the  aspect  of  the  hiUs  alone.  But  while  all 
were  willing  to  admit  that  the  subaerial  agents  might  do  something 
towards  modifying  the  surface  of  a  country,  yet  many  would  not 
allow  that  its  straths  and  valleys  had  been  mainly  formed  by  these 
seemingly  feeble  forces.  Nor  when  we  reflected  on  the  enormous 
time  required  by  the  hypothesis  which  they  rejected,  could  it  be 
wondered  at  that  some  geologists,  whose  chief  stumbling-block  was 
time,  should  have  summoned  up  subterranean  action  to  account  for 
certain  appearances  connected  with  the  superficial  phenomena  of  our 
country,  still  less  should  we  be  surprised  when  the  sea  was  appealed 
to  as  having  been  chiefly  instrumental  in  moulding  the  land  into  hill 
and  dale. 

There  were  probably  few  who  began  this  study,  that  were  not  at  first 
more  deeply  impressed  with  the  energetic  action  of  the  waves  along  a 
sea-coast,  than  with  the  less  obtrusive  work  carried  on  by  the  subaerial 
forces.  Gaunt  cliffs  and  long-retiring  caves  and  inlets  seemed  to  assure 
them,  that  rather  in  the  restless  activity  of  the  breakers,  than  in  th» 
puny  rains  and  rivers  of  the  land,  they  had  found  the  power  which 
hollowed  out  the  deep  places  of  the  eiuth.  No  one  could  heartily 
accept  the  theory  which  referred  to  atmospheric  erosion  the  mould- 
ing of  the  land  into  hill  and  valley,  who  had  not  worked  out  his 
belief  for  himself  in  the  field.  This  was  the  only  way  to  lean 
what  denudation,  whether  submarine  or  suhaenal,  really  was. 
When  we  came  impartially  to  consider  the  subject,  we  should  find 
that  a  vast  variety  of  agents  had  been  at  work,  from  the  earliest 
geological  times,  in  shaping  out  the  contour  of  our  country.  Thus, 
it  was  not  disputed  that  subterranean  movements  of  elevation  and 
depression,  and  the  waves  and  currents  of  the  sea,  had,  in  many 
cases,  determined  the  direction  in  which  streams  and  rivers  should 
flow ;  but  the  cutting  out  of  the  valleys  and  the  fashioning  of  the  hills 
must  be  attributed  principally  to  the  action  of  the  atmospheric  foroes. 

No  one-sided  theory,  therefore,  that  should  seek  to  explain  all  the 
phenomena  by  reference  to  one  set  of  influences  alone  could  be  accepted. 

On  the  present  occasion,  Mr.  J.  Q^ikie  could  not  pursue  this  subject 
further.  The  origin  of  our  mountain  and  valley  systems  dated  back 
to  much  more  remote  periods  than  the  advent  of  the  Glacial  epoch ; 
•ad  ihera  was  nothii^  mora  certain  than  this — ^that  the  dixvctioii 
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ftDowed  by  the  Glacier  ice  of  that  age  was  influenced  to  a  great 
by  the  pre-existing  configuration  of  the  country.  In  select- 
matter  for  illustration,  he  thought  it  better  to  confine  himself  to 
one  amall  comer  in  this  great  field  of  inquiry,  in  the  belief  that  by 
thus  restricting  the  sphere  of  their  investigations,  they  should  be 
enabled  to  attain  a  better  idea  of  the  scope  and  bearing  of  the 
general  question.  The  subject  proposed  to  be  considered  was  denu- 
dation in  Scotland  since  Glacial  times.  Now  it  was  very  evident 
that  before  we  could  have  any  proper  notion  of  the  denudation  of  a 
country,  we  should  first  ascertain,  as  well  as  we  could,  the  nature 
Hid  geological  origin  of  the  rocks  which  appeared  to  have  been 
denuded.  For  it  weis  plain  that  until  we  knew  how  these  rocks 
came  to  be  amassed,  we  could  never  hope  to  gain  any  proper  estimate 
of  the  degree  of  erosion  to  which  they  might  have  been  subjected 
since  the  time  of  their  formation.  How  could  we  expect  to  appre- 
ciate the  amount  of  waste  which  strata  had  experienced,  until  we 
had  first  carefully  examined  these,  and  considered  their  geological 
idations,  and  gathered  together  all  the  evidence  we  could  vnth 
regard  to  their  former  extension?  Denudation  was  thus  a  much 
more  complicated  study  than  it  might  at  first  appear  to  be ;  and  he 
would  repeat  that  it  could  only  be  thoroughly  grasped  by  those  who 
were  content  to  work  the  matter  out  for  themselves  in  the  field. 
No  doubt  we  might  make  up  our  minds  on  book  evidence  as  to  the 
j»robability  of  this  or  that  theory  of  denudation ;  but  it  was  one 
thing  to  believe — it  was  a  very  different  tiling  to  feel  that  we  believe. 

Before  we  could  arrive  at  any  conclusions  regarding  denudation 
ia  Scotland  since  the  Glacial  period,  the  deposits  of  that  age  must  be 
criticallj'  examined.  We,  must  inquire  into  the  mode  of  their  aocu- 
mtdation  so  as  to  ascertain  what  degree  of  waste  they  had  sustained 
since  deposition,  and  how  much  of  that  erosion  might  be  due  to  the 
action  ot  the  sea  during  the  marine  stage  of  the  Glacial  epoch — how 
mach  to  that  of  the  atmosj)heric  forces  in  subsequent  times.  In 
short,  our  investigation  should  involve  a  study  of  the  whole  history 
of  the  Drift  formation.  In  the  remarks  that  were  to  follow,  how- 
ever, he  (lid  not  pretend  to  offer  anything  like  a  digest  of  that 
history.  On  the  contrary,  he  would  Hmit  attention  to  those  portions 
of  the  evidence  that  seemed  best  fitted  to  recall  the  general  aspect 
which  appeared  to  have  been  presented  by  the  drift  accumulations 
daring  the  various  stages  of  the  Glacial  period. 

The  lecturer  then  described  some  of  the  more  characteristic  features 
'^f  these  deposits  of  clay  and  Siind  and  gravel  which  are  so  abundantly 
scattered  athwart  the  face  of  the  country,  and  to  which  geologists 
had  given  the  general  title  of  the  "  Glacial  or  Drift  Formation." 
These  accumulations  were  found  capable  of  being  divided  into  more 
or  less  well-defined  groups,  relatively  of  different  ages,  but  all  be- 
longing to  one  great  geological  period.  At  the  base  we  had  the  stony 
"TUl,"  or  Boulder-clay,  and  above  that,  in  certain  cases,  came  vast 
hei^  of  sand  and  gravel ;  while  in  other  districts  the  Till  was  over- 
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lain  by  finely  stratififid  foesUiferoiu  dayB,  or  BometimeB  by  a  Tery 
coarse  Upper  Boulder-clay.  Much  still  remained  to  be  done  in  the 
working  out  of  the  history  of  these  deposits  in  detail,  but  the  general 
succession  of  geological  changes  which  they  indicated  were  neverthe- 
less sufficiendy  ascertained. 

Greologists  were  agreed  that  the  observed  phenomena  oonld  only 
be  explained  by  reference  to  what  is  now  taking  place  in  arctic  and 
alpine  regions.  The  rounded  contour  of  our  hills,  the  flntings  and 
sculpturings  of  our  valleys,  the  scratched  and  polished  rock-sur&oes 
that  everywhere  abounded,  bore  emphatic  testimony  to  the  former 
passage  of  a  great  sheet  of  ice,  under  which,  at  some  distant  periodt 
these  islands  of  ours,  in  common  with  the  high  latitudes  of  Europe^ 
Asia,  and  America,  lay  buried— only  the  loftier  mountain  tops  peer- 
ing above  the  desolate  waste.  And  in  like  manner  did  the  aocumn* 
lations  of  sand  and  gravel  and  clay,  and  the  pell-mell  heaps  of  the 
Upper  Boulder  earth,  testify  to  the  subsequent  presence  of  the  sea 
over  certain  areas  of  the  same  r^ons. 

Mr.  Greikie  stated  that  during  the  early  stages  of  the  Olacial 
epoch  the  surface  of  our  country,  by  the  constant  grinding  action  of 
the  great  ice-sheet,  came  to  assume  certain  characters  which  are 
still  very  legible.  He  showed  that  the  general  trend  of  the  ruts  and 
scratches  impressed  upon  the  rocks  by  the  passage  of  the  glaciers 
was,  in  the  northern  hemisphere,  from  north  to  south,  but  that  the 
form  of  the  ground  often  had  considerable  influence  in  turning  them 
from  that  general  direction.  Thus  in  our  own  country  they  were 
found  to  radiate  downwards  from  the  high  grounds,  following  the 
lines  of  the  principal  valleys. 

During  the  continuance  of  this  Arctic  condition  of  our  oountiy, 
the  waste  of  the  underlying  rocks  must  have  been  considerable. 
Mountains  of  schist  had  been  in  some  measure  deprived  of  the 
outlines  which,  under  usual  atmospheric  action,  they  must  have 
assumed.  Hills  of  shattered  and  much  jointed  greywack6,  which 
ought  to  rise  up  in  broken,  serrated,  and  peaky  tors,  showed  iostead 
a  rounded  and  hummocky  contour.  Valleys  which,  from  the  nature 
of  their  strata,  we  should  have  expected  to  present  steep  or  vertical 
walls,  have  been  moulded  into  smooth  and  undulating  hollows. 
Glens,  at  one  time  roughened  with  countless  crags,  and  bristling 
with  jagged  points  of  rock,  have  had  their  sharp  angles  and  rude 
comers  cut  away — the  present  ruinous  and  tumbled  aspect  of  many 
of  our  Highland  glens  being  due  to  subsequent  atmospheric  waste, 
which  was  gradually  eflacing  the  traces  of  Olacial  action.  The 
waste  material  that  resulted  from  all  this  scooping  and  grooving 
and  planing  went  to  form  the  Boulder-clay.  Some  of  it  gathered 
underneath  the  great  glacier  as  a  morciine  profonde — some  of  it  was 
carried  out  to  sea  by  icebergs. 

The  character  and  mode  of  accumulation  of  the  true  Lower  Boulder- 
clay  were  next  described.  As  the  "  ground  moraine"  of  the  old  ice- 
pheet,  it  gathered  most  abundantly  over  the  surface  of  the  lowlands,  its 
occurrence  at  considerable  elevations  being  the  exception  to  the  rule. 
It  was  remarked  that  in  districts  where  the  marine  drift  ooourred. 
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the  Boulder-day  had  usually  suffered  much  erosion,  while  in  regions 
wbeve  the  sand  and  gravel  did  not  appear,  it  had  commonly  a  much 
kn  denuded  aspect  often  forming  well-marked  terraces  in  upland 
TtUeys,  and  in  stralhs  frequently  showing  parallel  mounds  or  broad 
ndgeSy  which  were  probably,  in  the  main,  original  inequalities 
toqoired  while  the  tiU  was  in  course  of  formation  as  a  moraine  pro- 

The  character  and  mode  of  accumulation  of  the  upper  or  marine 
drifts  were  next  considered  It  was  shown  that  these  deposits  con- 
nsted  chiefly  of  sand  and  gravel,  at  other  times  of  a  coarse  Boulder 
atith,  and  in  some  places  fossiliferous  clay  also  occurred.  These 
beds  had  no  doubt  been  derived  chiefly  from  the  waste  of  the  Lower 
Boulder-clay,  and  also  in  some  measure  from  the  droppings  of 
ksehergs.  Li  a  district  were  the  sands  and  gravels  were  typically 
developed  it  was  often  found  that,  as  we  left  the  central  parts  of  the 
broad  valleys  and  straths  and  approached  the  contiguous  higher 
grouids,  these  drifts  appeared  to  thin  away  from  heaps  of  well- 
itratified  materials  to  meagre,  irregular  sprinklings  of  earth  and 
itony  rubbish.  The  fine  sands  and  gravels  with  diagonal  bedding 
oocnpied  chiefly  the  bottoms  of  the  valleys,  the  kaims  and  mounds 
of  coarse  and  angular  dibris  lay  for  the  most  part  along  the  hill-sides. 

These  facts  appeared  to  point  to  a  passage  from  a  deeper  to  a 
shallower  sea-bed.  The  capricious  distribution  of  the  sand  and 
gravel  was  then  touched  upon,  and  it  was  shown  how  this  might 
give  us  an  index  to  the  probable  maximum  of  depression  attained 
during  the  marine  period.  The  evidence  furnished  by  the  angular 
gravels,  which  seemed  to  mark  out  the  upper  limits  reached  by  the 
Glacial  sea,  agreed  with  the  independent  testimony  derived  from  the 
occurrence  of  the  kaims  in  certain  valleys  and  their  absence  from 
others.  If  we  supposed  the  land  to  be  submerged  to  the  highest 
levels  reached  by  the  coarse  angular  gravels  it  would  be  observed 
that  kaims  only  occurred  in  such  valleys,  as  on  a  depression  to  this 
extent  would  form  straits,  channels,  or  comparatively  open  seas — that 
it  was  precisely  in  the  same  localities  where  the  lower  till  was  exces- 
sively eroded — while  in  those  valleys  which,  under  like  conditions, 
must  become  long  narrow  fiords,  marine  drift  did  not  appear,  and 
the  Boulder-clay  had  not  been  subjected  to  the  same  degree  of  denu- 
dation. In  the  straits  marine  currents  would  have  free  scope  to 
plough  up  the  deposits  of  the  earlier  period,  while  in  the  narrow 
firths  no  such  action  could  be  carried  on,  as  we  learned  should  be  the 
case  from  a  study  of  our  own  Highland  sea  lochs  or  the  fiords  of 
Norway.  The  later  drifts,  consisting  of  terminal  moraines  and  that 
surface- wash  which  seems  to  have  gathered  under  the  snow  or  nSve, 
showed  us  that,  after  the  re-elevation  of  the  land,  glaciers  continued 
to  reach  the  sea  for  a  time,  and  in  their  downward  progress  from 
the  snowfields,  scooped  out  the  accumulations  which  had  formed 
during  the  previous  ages. 

ELaving  thus  given  a  remmS  of  facts  connected  with  the  mode  of 
occurrence  of  the  drift  deposits,  and  the  kind  oferosion  to  which  they 
were  subjected  during  the  Glacier  period  itself,  the  lecturer  then  pro- 
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oeed-£«l  to  exinine  the  namre  azid  degree  of  eiilMiieTial  waste  experienced 
wnxcfc  the  cl  .>a-r  of  the  zK'Xi  Age  of  ioe.     Every  geologist  was  HBoniliar 
with  thr  zlv:  Lftt'^i  vutli::e  of  the  elevated  regions  of  our  oountry.     The 
rjcn  ie*i  cr^z^  the  >:n  x*u«€d  snd  Anted  hill  sides,  and  the  finely  striated 
iock-$iirtM>r«  were  chinkcrers  so  well-known  that  he  had  only  ti> 
mendin  them.     When  he  said  that  these  were  to  be  met  with  eveiy- 
when?,  of  o:':r?e  he  did  n>t  mean  that  every  declivity  would  show 
its  ioe-m.-»uMii:i:s.  everv  crag  exhibit  rorkes  momtamde^,  or  every  ex- 
p-osei  surti&ce  •: :'  rx-k  exhibit  a  series  of  striations.     Such  must,  no 
dc'Ubt.  have  >^<-n  the  c;*ae  when  the  great  ice-sheet  first  disappeared, 
ba;  dv.rin^  cLe  V.'Ziz  a;i^s  that  had  since  elapsed  chemical  decomposi- 
tion, frost.  ar.>i  nun  had  succeeded  in  obliterating  many  traces  of  the 
ancient  glaciers.     Notwithstanding  all  this,  however,  the  memorials 
of  the  f.-rmer  presence  of  a  vast  bjdy  of  ice  were  so  abundant  that 
we  ould  not  but  o:>nclude  that  the  solid  rocks  of  our  mountains  had 
suffered  companitively  little  waste  since  that  covering  of  ice  had 
vanished.     A  ^'isitor  irom.  Alpine  countries,  where  perennial  snows 
and  glaciers  ahiiunded.  would  see  little  in  the  outline  of  our  Scottish 
mountains  n'ith  which  he  was  not  familiar.     The  finer  touches  of  the 
great  ice  chisel  would  uAentimes  indeed  be  wanting,  but  its  broad 
effects  would  all  be  there,  reminding  one  who  wished  to  be  fanciful, 
of  those  ancient  sculptures  from  which  the  hand  of  time  had  effiioed 
the  delicate  finish  of  the  artist  but  had  been  powerless  to  destroy  his 
design. 

Mr.  Geikie  next  considered  the  present  aspect  of  the  Boulder- 
clay.     He  said  that  in  our  valleys  and  straths  we  could  read  the 
history  of  a  Glacial  f>eriod  with  as  little  difficulty  as  we  deciphered 
its   records  at   higher  levels.     It  was  admitted  that  the  subaerial 
waste  experienced  by  the  Boulder-clay  had  been  great,  but  when  we 
came  to  estimate  what  effect  this  erosion  had  had  in  modifying  the 
general  aspect  of  that  deposit  it  appeared  to  be  scarcely  appreciable. 
The  greatest  waste  experienced  by  the  Till  took  place  during  the 
growth  of  the  marine  drifts.     Waves  and  currents  in  narrow  straits 
and  open  seas  had  often  made  havoc  of  the  Boulder-clay,  while  in 
the  fiords  and  other  slieltercd  regions  the  some  degree  of  waste  could 
not  be  effected.  And  the  configuration  thus  given  to  the  lower  Till  had 
not  been  obliterated  by  the  atmospheric  forces,  although  these  had  been 
so  long  employed  in  its  reduction    If  frosts  and  rains  and  rivers  had 
boon  unable  to  deprive  the  lower  Till  of  the  general  aspect  it  assumed 
on  the  re-elevation  of  the  land,  they  had  been  just  as  powerless  to 
efi&ice  the  external  character  of  the  upj)er  or  marine  drifts.     So  per- 
fect were  tho  forms  of  mounds  and  kaims  of  sand  and  gravel  that 
these  were  capable  of  being  classified  and  described  by  reference 
to  tho  various  kinds  of  bars  and  banks  of  analogous  materials  which 
were  gathering  on  the  bed  of  our  own  seas  at  the  present  day.     But 
just  as  it  was  seen  that  the  Boulder-clay  had  been  extensively  de- 
nuded by  atmospheric  agents,  so  we  learned  that  the  marine  drifts 
had  undergone  no  inconsiderable  degree  of  erosion.     From  some 
valleys  they  had  well  nigh  vanished ;  in  others  the  kaims  had  been 
obliterated  and  their  materials  re-assorted  by  the  streams  and  rivers. 
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After  wrfhrring  tD  ilie  pioofr  of  {his  waste,  Mr.  Geikie  went  onto 
nneik  that  a  etody  of  theTaUeys  in  which  the  kaime  had  been  fhns 
Jenikled  would  oonTinoe  ^e  geologiate  that  in  former  ages  oar  rirers 
■mt  haive  gready  ezoeeded  in  size  their  present  representatiTes. 
Ihe  positioa  of  some  of  the  older  allnyia,  and  the  evidenoe  of  rirer 
aslian  in  places  to  wUdi  streams  of  the  same  size  as  now  flowed  in 
As  i«lle^  B0?er  ooold  have  attained,  aU  led  to  this  inference.  He 
JMWght  it  extremely  probable  that  it  was  daring  the  age  of  forests, 
wlien  Britain  farmed  a  part  of  the  continent  that  oar  rivers  reached 
fteir  gioatsst  development  There  were  good  grounds  for  believing 
ttaft  at  this  period  glaciers  filled  some  of  oar  higher  valleys.  la 
nne  of  the  mch  level  river  gravels,  also,  we  oft^  met  with  large 
hialdera,  whi&  appeared  to  havis  been  ice-borne  to  their  present 
pontion.  And  the  testimony  derived  from  the  natare  of  the  timber 
SBg  o«t  of  the  peat-mosses  was  qaite  in  harmony  with  each  a  sop- 
position.  For  tbe  climate  that  noorished  the  large  pine-trees  of  the 
kaf^iah  mosses  most  have  covered  oar  rivers  with  ice  in  winter. 
WUle  this  excessive  climate  prevailed,  atmospheric  waste,  no  doabt, 
went  bravely  on ;  and  even  down  to  madh  later  days,  when  the  peat- 
nowes  were  increasing  and  the  ancient  forests  decaying  the  work  of 
famdation  most  have  proceeded  more  rapidly  than  now. 

Some  examples  of  post-Oladal  waste  were  then  cited.  He  men- 
tioned the  case  of  the  gorge  through  which  the  Biver  Doon  makes  its 
way  after  escaping  from  its  parent  lake.  In  catting  out  this  ravine,  a 
mass  of  rock,  equal  to  at  least  70,000,000  of  cubic  feet  had  been  re- 
noved  bodily  by  the  stream ;  and  many  similar  oases  might  be  adduced. 
Bat  although,  locally  considered,  the  denudation  thus  experienced  by 
drift  deposits  and  subjacent  rocks  might  be  often  great,  it  would  re- 
aaire  a  far  longer  lease  of  time  than  had  elapsed  sinoe  the  dose  of 
me  Glacial  epoch  ere  the  characteristic  features  impressed  upon  our 
kills  and  valleys  during  that  period  could  be  effaced.  In  conclusion, 
he  said  they  could  not  fail  to  be  impressed  with  one  consideration, 
which,  above  all  others,  seemed  to  stand  out  prominently  after  a  re- 
new of  such  matters  as  they  had  been  that  evening  considering — 
and  that  was  the  enormous  time  required  to  produce  the  broader 
effects  of  denudation.  How  many  long  ages  had  rolled  away  since 
these  islands  rose  above  the  level  of  the  Arctic  Sea  in  which  our 
Biarine  drifts  were  amassed,  and  yet,  during  all  that  time,  how  little 
change  had  come  upon  them  at  the  instance  of  the  atmospheric 
forces.  And  if  the  records  of  the  old  Arctic  condition — the  deli- 
cate ice-markings  on  the  rocks,  the  loose  incoherent  deposits  on  the 
hill-slopes  and  plains — still  remained  so  perfect,  notwithstanding 
llie  ceaseless  activity  of  the  denuding  agents — ^if  the  mere  skin  as  it 
were,  and  surface-markings  of  the  land  were  still  so  largely  retained, 
what  should  we  say  to  ^e  time  required  for  the  growth  of  that 
covering  itself,  and  for  the  production  of  these  strange  ice-mouldings 
and  flutings, — and  how,  above  all,  could  we  apprehend  (for  compre- 
hend we  could  not)  the  truly  tremendous  lapse  of  time,  during  which 
tiie  solid  land  was  gradually  sculptured  into  hills  and  valleys  by  the 
rains  and  frosts  and  rivers  of  the  past — The  Ola$gow  Bendd,  No- 
wember  30,  1867. 
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n. — On  THs  Internal  Hsat  or  thk  Easth.    By  Dr.  Julius 

SCHTABCZ,    F.6.S.* 

rpHE  author  reviewed  the  evidence  apon  which  is  founded  the 
JL  doctrine  of  central  heat  as  applied  to  the  earth.  It  is  based  on 
three  aigaments.  Firtt^  gathered  &om  volcanic  phenomena, — pheno- 
mena which  may  be  explained  by  the  chemical  and  electro-chemical 
schools  of  geologists,  at  least  as  satis&ctorily  as  by  the  sapporters 
of  central  fire ;  the  teeond  argument  is  adduced  from  the  nebular 
hypothesis,  an  hypothesis  having  now-a-days  no  other  foundation 
than  what  is  involved  in  it  from  the  central  fire  hypothesis ;  and 
the  third  is  adduced  from  the  supposed  uniform  increase  of  tem- 
perature down  to  the  centre  of  our  planet,  in  every  part  of  the 
earth,— an  argument  which  is  again  a  mere  hypothesis. 

Having  carefully  studied  the  literature  of  the  subject^  Dr. 
Schvarcz  criticised  the  observations  upon  which  the  hypothesis 
of  central  fire  is  supported,  and  showed  how  imperfect  and  con- 
flicting is  the  evidence  to  prove  that  the  increase  of  underground 
temperature  is  really  general  and  uniform. 

Before  generalising,  we  must  accumulate  a  greater  number  of 
facts,  precisely  recorded,  than  are  at  present  at  command,  and  he 
therefore  urged  geologists  to  combine  all  their  efforts  in  order  to 
multiply  geothermometrical  observations,  especially  in  countries  now 
unexplored. 

He  was  of  opinion  that  solar  impressions  of  all  the  climates  on 
our  earth's  sur&ce,  taken  collectively,  and  local  reservoirs  of  lava, 
not  exceeding  considerably  the  depth  of  thirty-five  geographical 
miles,  and  manifesting  themselves  tlurough  volcanic  cones  from  local 
processes  of  oxydation,  must  be  taken  for  those  secondary  causes  which 
remain  indispensable  elements  of  any  aatiology  of  underground  tem- 
peratures, even  for  theories  to  come.  Electricity,  as  connected  with 
cosmical  magnetism  and  planetary  rotation,  may  have  been  an  im- 
portant agent,  besides  the  secondary  causes  just  alluded  to. 


in. — On  a  new  Phosphatig  Deposit,  near  Upware,  Cambridge- 
shire.   By  J.  F.  Walker,  B.A.,  F.6.S.,  &o. 

IT  is  unnecessary  here  to  give  a  lengthened  account  of  Mr.  Walker's 
paper  (read  before  the  British  Association,  Dundee)  as  most  of 
the  £icts  have  appeared  in  two  previous  numbers  of  the  Obological 
Magazine.' 

The  author  repeats  his  opinion  that  this  Phosphatic  deposit  is  of 
the  age  of  the  Lower  Greensand — it  contains  fossils  of  that  age  as 
well  as  extraneous  specimens.  The  bed  contains  sponges  resembling 
those  of  Faringdon;  and  during  a  recent  visit  to  that  locality  he 
obtained  several  shells  which  he  has  also  found  at  Upware. 

The  phosphatised  casts  of  shells  found  at  Upware,  and  also  at 

^  Being  an  tbetract  of  his  paper  read  before  Section  C.  of  tlie  Brituh  Anooiation, 
Dundee,  September,  1867. 

*  QaoLooi04L  MAOAxnra,  July,  1867,  p.  809.        IbkU^  October,  1S67|  p.  464. 
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Sandy,  he  regards  as  deriyed  from  the  denudation  of  older  deposits ; 
becaose  they  are  much  water- worn,  and  often  bored  by  MoUusca. 

Bryozoa  and  Serpuia  occur  attached  to  the  surface  of  several  of  the 
phosphatic  nodules  at  Upware. 


S^VTIE^W^S- 


I. -MoRTiiJ.ST*s  "Matkbials  FOR  THE  HisTOSY  OP  Man."  3rd 
Vol.  Nos.  1-8  (in  Five  Nos.)  [MATiRiAUx  pour  l'histoire  posi- 
nvx  ST  Philosophique  de  l'Hohme:  Bulletin  hensuel,  etc., 
par  Gabriel  de  Mortillet.  Troisi^me  Annee,  1867.    8vo.  Paris.] 

r[S  useful  monthly  compendium  of  facts  and  notions,  either 
published  day  by  day,  or  communicated  to  the  Editor,  about 
Anthropology,  Prehistoric  Times,  the  Quaternary  Epoch,  the  Origin 
of  Species,  and  Spontaneous  Generation,  has  now  reached  its  third 
year,  and  steadily  fulfils  its  mission  in  aiding  the  advance  of  a  scien- 
tific knowledge  of  the  history  of  early  Man,  and  of  collateral  natural- 
lustoiy  subjects  bearing  on  the  character  of  'races  and  states  of 
culture.  The  last  two  parts  of  this  useful  work  M.  Mortillet  has 
jadiciously  devoted  to  a  succinct  account  of  everything  contributed  to 
the  Universal  Exhibition  at  Paris  that  at  all  bears  on  primaBval  Man 
and  his  habits  and  character.  Every  quarter  of  the  globe  contributed 
something,  though  not  always  arranged  in  the  special  galleries  illus- 
trative of  the  History  of  Labour  and  Art.  Every  noticeable  object, 
however,  is  classified  by  the  Editor  in  these  his  **  Promenades  Pre- 
historiques  a  TExposition  Universelle  ;*'  and,  as  far  as  possible,  they 
are  grouped  under  such  subdivisions  as  "  Caverns,"  "  Quaternary 
Deposits,"  "  Stone  Epoch,"  "  Ground  and  Polished  Stone  Imple- 
ments," **  Bronze  Age,"  "  Iron  Age,"  etc.  After  viewing  all  these 
very  interesting  objects,  never  to  be  again  assembled  under  one  roof, 
M.  Mortillet  draws  the  following  conclusions  (pages  366,  etc.). 

It  is  impossible,  he  says,  after  having  visited  the  Galleries  of 
the  History  of  Labour,  supplied  by  Wurtemberg,  Hungary,  Switzer- 
land, Spain,  Denmark,  Sweden,  Norway,  Kussia,  Italy,  England, 
and  especially  France,  to  have  any  doubt  of  the  existence  of  a  great 
Law  of  Progress  in  Human  Nature.  We  see  Industry  begin  with 
instruments  of  Stone,  mere  flakes,  so  primitive  and  rudimentary 
that  they  are  inferior  even  to  such  as  are  used  by  the  least  advanced 
of  existing  savages.  Little  by  little  the  stone  is  better  worked,  and 
its  use  becomes  more  varied  ;  and  there  are  numerous  implements  of 
bone  and  deer's  horn.  Then  comes  the  art  of  grinding  stone ;  mark- 
ing an  era  of  progress,  and  characterizing  one  of  the  great  divisions 
of  Pre-historic  Time, — namely,  the  Era  of  Polished  Stone.  Still 
later  it  was  that  Metal  appeared ;  at  first  Bronze  alone  and  after- 
wards Iron.  Stone  chipped  and  flaked,  Polished  Stone,  Bronze,  and 
Iron,  are  so  many  successive  characteristics  of  Human  Progress 
before  reaching  our  present  civilization.  Not  only  was  it  possible 
in  the  Exposition  to  follow  step  by  step  this  onward  march  of  pro- 
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gress,  bat  even  to  Tea^nise  the  chnynologioal  blank  without  whidi 
we  cannot  realize  this  progress.  The  chionology  taught  in  all  onr 
schools  is  terribly  distanced.  Indeed  it  scarcely  ooTera  the  historical 
period.  In  the  Temple  of  Edfou,  erected  by  the  Egyptian  GrOTem- 
ment  in  the  Park  of  the  Exposition,  we  see  the  statue  of  Chephren, 
a  veritable  work  of  art,  to  which  learned  Egyptologists  assign  an 
age  of  6CKX)  years, — a  date  contemporary  with  "  the  first  man"  of  our 
school-teacliing !  How  long  a  series  of  ^'ears,  or  rather  of  ages, 
must  we  not  allow  for  man,  once  asing  stone  flakes,  not  only  to 
attain  the  art  of  grinding  and  polishing  his  implements  of  stone,  but 
to  develop  the  genius  of  the  Sculptor  and  give  life  and  sentiment 
to  the  hardest  rock  !  There  has  been  an  enormous  lapse  of  time  I 
Indeed,  Chepbren  was  a  cotemporar}'  of  a  fauna  altogether  similar  to 
that  which  exists ;  whilst,  on  the  other  hand,  the  man  who  only 
used  chipped  stone  was  surrounded  by  animals  now  quite  extinct ! 
It  is  fossil  man,  then,  that  lived  with  fossil  animals  1 

In  France,  England,  and  Spain,  and  at  Rome,  stone  implements  of 
the  first  period  are  found  associated  with  bones  of  the  tichorhine 
Rhinoceros,  the  great  Hippopotamus,  various  Hyasnas,  the    great 
Bear  of  the  caves,  the  Megaceros  of  Ireland,  the  fossil  Tigers  or 
Lions,  and  Elephants,  among  which,  especially,  the  hairy  Mammoth 
is  well  known.    Stone  implements  made  by  Man  lie  in  place  with 
these  bones,  in  undisturbed  deposits,  and  nowise  rearranged ;  and 
henoe  they  are  decidedly  contemporaneous,  one  being  as  much  fossil 
as  the  other.     For  these  conclusions  the  glass-cases  on  the  left- 
hand  side  of  the  first  saloon  of  the  ''  History  of  Labour*'  could  leave 
no  doubt.     To  this  first  period  in  the  infancy  of  Mankind,  oharao- 
terized  by  a  fauna  comprising  many  now  extinct  species,  sucoeeded  a 
second    period,   during  which  there  lived  in   our    lowlands,   and 
abundantly  too,  species  that  have  emigrated,  and  are  now  found  only 
in  the  north  or  on  snowy  mountain-heights.     Such  are  the  Keindeer, 
the  Glutton,  the  vulpine  Lagopedo,  the  Musk-ox,  the  Chamois,  the 
Ibex,  the  Marmot,  the  Hoath-cock,  etc.     At  that  time  there  was 
progress ;  for  Man  began  to  be  an  artist.     He  figured  animals ;  and 
he  has  left  for  us  in  France  representations,  not  only  of  the  »mimi^l« 
that  have  retreated  to  cold  regions,  but  also  of  some  of  those  species 
which  were  dying  out     The  Man  of  that  distant  epoch  has  perfectly 
represented  (together  with  the  Reindeer  and  the  Ibex,  which  have 
emigrated)  the  great  Bear,  the  cave  Lion,  and  the  Mammoth,  all  of 
which  are  extinct;    and  the  figures  were  usually  made  on  the 
Reindeer's  antlers  or  on  the  ivory  of  the  Elephant  itself.     Man  was 
incontestably  contemporaneous  with  these  creatures,  whose  forms 
he  represented  so  well,  and  whose  bones,  teeth,  and  horns  he  utilized 
in  various  ways.     Of  this  we  could  not  have  more  convincing 

evidences.  ,     ,  x  i     •    i  *• 

The  age  of  man  goes  back,  then,  to  the  later  geological  times, 

far  away  beyond  the  time  of  Chephren  and  of  classical  chronology  I 

The  comparative  study  of  objects  of  prehistoric  antiquity  and  of 

objects  now  used  by  savages  leads  to  the  statement  of  another  law, 

which  completes,  as  it  were,  the  law  of  Progress.    It  is  the  Law  of 
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fSmlmdtf  cf  BwdopaMot  in  Mul  We  find  tiie  gnwlnt  aiiilogj 
flia  niMt  rtrikiag  ■imflarity — betwe«n  the  dementarjr  dvilkntiaii 
^mimgoB  and  the  pximitive  dvilixation  of  PreluBtorio  TinMS.  We 
mtj  Mj  that  tluoa^boiifc,  in  time  as  in'gpaoe,  Han  has  followed  the 
Mne  «npoliitioii,  on  the  whole,  in  hia  indtutrial  as  in  hie  moral  deve- 
^6BMnt  Thne  (1)  the  Law  of  Human  Progroea,  (2)  the  Law  of 
Bmflvitj  in  Deretopmenty  and  (S)  the  Hi^  Antiquity  of  Man  ai9 
ftnaftolBy  clear,  preeiee^  and  instable,  which  come  out  from  thie 
rtafy  we  hasfe  made  of  die  Qieat  Expoaxtion. — ^T.  R  J. 


n. — O.  LiHiNBmdii'a  Tbiassio  and  Liassio  FoaaiLS  vbok 

Spxtzskboxn. 

[Om  IHM-flobh  Janftntaiinfea  Ann  Spetbogen  af  0.  LmditienL  ito.  1066.  Wnm 
Am  Traiwctinni  of  tlit  fiojal  Smush  Aoademj  of  Sdenoei,  toI.  tL  no.  6.] 

rJ  1837  Pnrfeaaor  S.  Lor^n  collected  in  Spitsbergen  aome  fbaaila 
difiermt  from  the  paln(»oio  Bpecimena  preyioiialy  obtained  there; 
ad  he  reoogniaed  that  they  were  allied  to,  if  not  identical  with,  aome 
Jonario  forma  from  Petachora  Land,  deaoribed  by  Keyserling,  and 
even  in  {Murt  occnning  in  the  Juraaaio  beds  of  Western  Europe. 
ITomben  of  these  Juraaaic  fossils  of  tiie  hidii  North  were  obtained  by 
PidiBSSor  A.  E.  Nordenakiold  in  Ptof.  Otto  Terrell's  first  expedition  ta 
^ntsbergen  in  1858.    In  the  second  expedition  (1861)  Prof.  Blonu 
Knnd  brought  home  many  new  Jurassic  things,  besides  other  species 
belanging  to  a  geological  period  not  previously  recognized  in  Spits- 
bergen, and  which,  after  careful  comparison  in  several  Oerman 
Museums,  Dr.  Lindstrom  has  determined  to  be  Triassic.    To  these  is 
added  the  collection  made  by  Prof.  Nordenskiold  in  1864  on  the 
IsQord  and  StorQord.    To  describe  these  fossils  is  the  object  of 
Dr.  Lindstrom's  memoir. 

L  The  Triasne  Fosnls. — These  came  for  the  most  part  from  two 
points.  Cape  Thorsden  and  Sauriehuk,  situated  inside  the  Isfjord,  on 
the  tongue  of  land  jutting  out  between  the  Nordfjord  and  Klaas- 
BiUen  Bay,  and  termed  Midterhuk  by  Pro£  Blomstrind  in  his  geo- 
logical notes  on  the  voyage  to  Spitzbergen  in  1861  (Transact  Boy. 
Attul.  Stockholm,  vol.  iv.  no.  6,  p.  44).  According  to  him  this  con^ 
nsta  chiefly  of  a  black  and  bituminous  shale,  here  and  there  alter* 
Dating  with  layers  of  harder  rock,  aod  overlain  by  a  hard  sand- 
stone. Most  of  the  fossils  are  from  strata  at  Sauriehuk,  which, 
socording  to  Prof.  Nordenskiold's  communication,  rest  on  somewhat 
different  shales  at  Cape  Thorsden.  These  latter  contain  only  two  or 
three  species,  the  leading  form  of  which  (HcJobia)  is  distinct  from 
K  Lammelt,  characteristic  of  the  upper  beds.  Naviilua  NordeMkioldii^ 
nov.  ;  N,  troeMeaformia,  sp.  nov. ;  Ceratitea  Malmgreni,  sp.  nov, ; 
'.  (?)  Blamsirandt,  sp.  nov. ;  C.  laqueatua,  sp.  nov. ;  Ammonites  Oay- 
tani  (Klipstein),  var.  (?) ;  PondorUa;  Halobia  Lommeli,  Wissmann; 
K  Ztttelt,  sp.  nov. ;  Manoiis,  sp.  indet ;  M.  filigera,  n.  sp. ;  Pecten^ 
sp.  indet ;  lAngtda,  sp.  indet ;  Enerinua,  sp.  indet  (near  E.  ffranulo9u$, 
Miinster).  Some  obscure  fragments  of  other  fossils  occur,  comprising 
some  small  black  seed-like  bodies. 
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The  relationsbip  that  some  of  theee  fossils  have  with  Triassic 
species  found  in  the  Eastern  Alps,  in  the  Himalaya,  in  New  Zealand, 
New  Caledonia,  and  California,  is  noticed  by  die  author,  also  the 
wide-spread  occurrence  of  this  formation  of  Secondary  age. 

n.  The  Juraasie  Fossils. — Most  of  these  have  been  found  in  a 
usually  grey  sandstone  and  limestone,  occurring  at  scTcral  points  on 
the  coast  of  the  Isfjord.  The  greatest  number  were  collected  in  1861 
by  Prof.  Blomstrand  at  Advent  Bay.  The  same  kind  of  fossils  in  a 
similar  sandstone  and  in  shale  were  found  at  Green  Harbour  and 
Eyss-stugan,  also  on  the  east  side  of  Advent  Bay,  by  Lov^n,  Nor- 
denskiold,  and  Blomstrand.  Also  in  1864  Nordenskiold  got  a  har- 
vest from  a  thin  black  laminated  limestone  at  Sassen  Bay,  and  in 
a  hard  shaly  limestone,  weathering  reddish  brown,  at  Cape  Agardh  in 
the  StorQord  :  Ichthyodorvlites;  Serpula;  Amnumites  trtplieaius,^  Sow. ; 
Belemnites ;  Dentalifim  ;  Panopcea ;  TeUina  ;  Cyiherea  ;  Cyprina  incon- 
spicitay  sp.  nov. ;  Cardium  concinnum,  Von  Buch ;  Sdenomya  TorelUt  sp. 
nov. ;  Nticula  ;  Jicda  nnday  Keyserling ;  Inoceramus  reveUiuSf  EeyserL ; 
Ancdla  mosquensisy  Yon  Buch,  var. ;  Peeten  denUssus,  Bean ;  P.  validus, 
sp.  nov. ;  Ophiura  (himaellii^  sp.  nov. 

The  close  alliance  of  the  Triassic  fossils  of  Spitzbergen  with  those 
of  Petscliora  Land  and  of  Russia,  and  their  correspondence  with  the 
Lower  (Great)  Oolite  of  Western  Europe,  is  especially  noted  by  the 
author. 

Some  obscure  plant-remains  occur  in  the  above  mentioned  Jurassic 
beds ;  and  besides  these  some  Miocene  Plants  {Domheyopsis  aceroides 
and  Sequoia  Langsdorfii)  are  found  at  the  same  places,  apparently 
mixed  with  the  Jurassic  beds,  but  probably  either  really  overljring 
the  latter,  or  mingled  with  them  by  some  disturbance. 

Tliis  interesting  notice  of  the  Secondary  Fossils  of  Spitzbergen 
adds  greatly  to  our  knowledge  of  that  interesting  outlier  of  the  Eu- 
ropean Continent.  Carboniferous  fossils  are  known  to  abound  in 
that  Island ;  and  one  block,  at  least,  of  Permian  limestone  has  been 
found  on  the  coast,  but  it  was  either  a  drifted  fragment,  or  was 
derived  from  the  ballast  of  some  wrecked  whaler. 

The  Carboniferous  rocks  lie  on  unfossiliferous  schists  and  conglo- 
merates ;  these  on  unfossiliferous  slates,  quartzite«,  and  marble ; 
these  on  a  lower  series  of  slates,  etc..  and  these  on  gneiss  and  granite. 
Thus,  as  Murchison  has  suggested,  all  the  Palaeozoic  formations,  from 
the  Laurentian  upwards,  may  be  present  there.  The  coal  of  Spitz- 
bergen is  of  Tertiary  age. 

See  also  Mr.  Lament's  paper  on  Spitzbergen  in  the  Joum.  GJeol. 
Soc.  vol.  xvi;  Nordenskiold's  memoir  in  the  Trans.  Roy.  Swedish 
Acad.  1866  ;  Siluria,  4th.  ed.  p.  543.— T.  R.  J. 

^  A  fragment  of  Ammonite  was  collected  by  Mr.  Lamont  at  Bell  Sound,  see  Joani. 
Gcol.  Soc.  vol.  xvi.  p.  xii.  and  436. 
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GvoLoaiOAii    Society    of    London.  —  November  20th,    1867. 
Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S.,  President,  in  the  Chair. 
The  following  oommmiications   were  read : — 1.  "  On  the  Glacial 
ftnd  Poet-Glacial  Structure  of  Lincolnshire  and  South-east  York- 
shire."   By  S.  V.  Wood,  Jun.,  Esq.,  F.G.S.,  and  the  Eev.  J.  L.  * 
Bome,   F.G.S.     The   features  of  Yorkshire  and   North-east  Lin- 
colnshire, having  distinctive  characters  from  those  of  Central  and 
South  Lincolnshire,  the  authors  described  the  two  areas  separately. 
In  the  former,  their  coast  sections  exhibited  the  Glacial  clay  sepa- 
rated into  two  portions ;  of  these  the  lower,  which  they  identified 
with  the  ordinary   (or  upper)  Glacial  clay  of  the  south,  contains 
abundant  chalk  debris ;   but  the  upper  or  purple  portion  (which 
was  in  places  divided  from  the  lower  by  sand  or  gravel   beds) 
contains  no  Chalk  in  the  upper,  and  but  little  in  the  lower  part 
of  it,  the  place  of  the  Chalk  l>eing  taken  by  swarms  of  Palsso- 
zoic  fragments.     The  latter  of  these  clays  alone  extends  over  the 
Wold-top  at  Speeton,   and  alone  occupies   the   valley  along  the 
northern  Wold-foot,  and  so  away  northwards  to  Scarborough,  and 
the  Tees'  mouth,  from  which  the  authors  inferred  that  the  north  of 
England  did  not  subside  beneath  the  Glacial  sea  until  after  the 
Booth  had  been   submerged.      The  so-called  Bridlington  "  Crag " 
Was  shown  to  be  an  intercalated  bed  in  this  purple  clay.     Both 
these  clays  were  shown  to  be  denuded,  and  their  denuded  edges  to 
be  everywhere  covered   by  a  much  thinner  Boulder-clay,  that  of 
HeFslc,  which  wraps  Holderness  like  a  cloth,  extending  to  altitudes 
of  150  feet,  and  running  down  the  east  of  Lincolnshire  to  the  Fen- 
border,      lliis   Post-glacial   Boulder-clay   of  Hessle   is   again   cut 
through,  and  in  those  places  covered  by  posterior  beds  of  gravel, 
one  of  which  (at  Ilomsea)  contained  fluviatile  shells.     At  Hull  this 
clay  supports  a  forest,  which  is  now  submerged  33  feet  below  the 
Humber;    the  same  submerged  forest  also  occurring  at  Grimsby. 
The  authors  regarded  the  position  of  the  sea  during  the  Post-glacial 
period  as  having  been  principally  on  the  west  of  the  Yorkshire  and 
North  Lincolnshire  Wold  until  the  formation  of  the  gravel-troughs, 
cutting  through  the  Hessle  clay,  and  that  its  present  position  was 
connected  with  a  recent  westerly  elevation  and  easterly  depression. 

The  Glacial  clay  of  central  and  South  Lincolnshire  belongs  to  the 
chalky  portion,  from  which  all  the  superior  or  purple  part  of  the 
fonnation  has  been  denuded ;  and  the  valleys  of  Central  Lincoln- 
Bhire  were  shown  to  be  cut  out  of  the  Cretaceous  series  and  Glacial 
clay  as  a  common  bed,  the  hills  formed  of  the  clay  rising  to  eleva- 
tions equal  to  the  Wold  in  that  part. 

The  Glacial  clay  of  both  areas  was  shown  to  be  denuded  west- 
wards ;  and  the  denuded  edges  occupied  with  sands  and  gravels, 
tenned  bv  the  authors  denudation-beds. 

2.  **  On  supposed  Glacial  markings  in  the  Valley  of  the  Exe, 
North  Devon."     By  N.  Whitley,  Esq. 
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[  Mr.  Jukes  having,  in  a  late  paper,  mentioned  some  glacial  grooves 
observed  by  him  in  the  valley  of  the  Exe,  the  author  stated  bis 
opinion  that  the  "  Grooves  "  have  been  formed  by  the  minor  contor- 
tions of  the  strata,  and  not  by  glacial  action. 

3.  '*  On  Disturbance  of  the  Level  of  the  Land  near  Toughal,  in  the 
South  of  Ireland."     By  A.  B.  Wynne,  Esq.,  F.G.S. 

The  object  of  this  communication  was  to  place  upon  record 
certain  facts  connected  with  alterations  of  level  in  the  shore  of  the 
South  of  Ireland,  near  the  town  of  Youghal.  The  occurrence  of 
submerged  peat  beneath  the  Youghal  strand  shows  that  considerable 
alterations  of  level  have  taken  place  along  the  coast  of  Youghal 
Bay  subsequently  to  the  formation  of  the  peat  which  so  commonly 
covers  the  Glacial  Drift  of  Ireland.  The  author  also  inferred  that 
toward  the  close  of  the  Glacial  period  the  sea  was  further  from  the 
present  land  than  it  is  now ;  that  the  land  then  sank  to  the  depth  of 
about  90  or  100  feet,  and  subsequently  rose  again,  but  not  to  its 
former  level :  and,  in  conclusion,  he  pointed  out  the  probabUify  of 
its  undergoing  depression  at  the  present  time. 

II.  December  4th,  1867.--Robert  Etheridge,  Esq.,  F.G.&,  in  the 
Chair.  The  following  communications  were  read: — I.  "On  the 
Graptolites  of  the  Skiddaw  Series."  By  Henry  Alleyne  Nicholson, 
D.Sc.,  M.B.,  F.G.S.,  etc. 

The  author  first  described  the  geological  relations  and  distribn- 
tion  of  the  Skiddaw  Slates,  and  noticed  their  correspondence  with 
the  Quebec  Group  of  Canada,  and  then  gave  a  description  of  the 
Graptolites  found  in  these  rocks.  The  genera  and  their  distin- 
guishing characters  are  as  follows : — 

1.  Dichograpms,  Salter  (3  species)  :  possesses  a  frond,  repeatedly 
dichotomous  from  a  basal  stipe  into  8,  16,  or  more  branches,  eaok 
with  a  single  row  of  cells,  the  lower  part  of  the  stipe  being  enve- 
loped in  a  corneous  cup. 

2.  Tetragrapsua,  Salter  (3  species) :  possesses  a  frond  composed 
of  four  simple  stipes,  arising  from  a  non-celluliferons  fimicle,  whidi 
bifurcates  at  both  ends. 

3.  PhyllograpsuSy  Hall  (2  species) :  differs  from  the  last  in  pos- 
sessing a  frond  composed  of  four  simple  stipes  united  back  to  back 
by  their  solid  axes. 

4.  Didymograpstis,  M'Coy  (7  species)  :  the  frond  consists  of  two 
simple  stipes,  springing  from  a  mucronate  radicle,  which  may  be 
rudimentary  or  apparently  absent. 

5.  Diplograpaus,  M'Coy  (4  species)  :  two  simple  stipes,  united  by 
their  solid  axes  into  a  celluliferous  frond  furnished  with  a  radicle  al 
the  base. 

6.  Graptolites  vel  Graptolithua,  Linn.  (4  species)  :  simple  stipe^ 
with  a  single  row  of  cells  on  one  side,  and  a  small,  generally  curved, 
radicle  at  the  base. 

7.  Pleurograpsvs,  Nicholson  (1  species)  :  celluliferous  braneiies 
derived  from  a  main  celluliferous  rhachis. 

n.  ''  On  the  Fossil  Corals  (Madreporaria)  of  the  WeaC  IndiaBtt 
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Islands. — Part  IV.     Conclusion."    By  P.   Martin  Duncan,   M.B., 
SecG.S. 

In  this  commnnication  the  author  concluded  his  series  of  memoirs 
on  the  Fossil  Corals  of  the  West  Indies  with  a  description  of  the 
Miocene  corals  from  St  Croix,  Trinidad,  and  with  some  supple- 
mentary remarks  on  the  species  described  in  his  former  papers  from 
St  Domingo,   Jamaica,   and  Antigua,   including    notices  of   new 
species  from  those  islands.     He  also  gave  a  complete  and  revised 
list  of  all  the  fossil  oorals  he  had  described  from  the  West  Indies, 
including  five  species  from  the  Cretaceous  strata ;  four  species  and 
one  variety  from  Eocene  deposits ;  and  one  hundred  and  two  species 
and  twenty-six  varieties  from  the  Miocene  formation,  making  a  total 
of  one  hundred  and  eleven  species  and  twenty-seyen  varieties.     Of 
the  Miocene  species  eleven  still  exist,  namely,  six  in  the  Caribbean 
•ea  only,  three  common  to  that  sea  and  the  Pacific  Ocean,  and  two 
in  the   Pacific  Ocean  and  Bod  Sea,   but  not  in  the   Caribbean. 
Twelve  other  species  are  common  to  European  deposits  and  the 
West  Indian  Miocene,   ten  being  of  the  same  age  in  both  hemi- 
spheres, while  two  occur  in  the  Lower  Chalk  in  Europe.     These 
twenty -three  species  being  deducted  from  those  of  the  West  Indian 
Miocene,  a  large  characteristic  fauna  still  renmins ;  and  Dr.  Duncan 
showed  that  the  recent  representatives  of  the  characteristic  genera 
composing  it  are  for  the  most  part  inhabitants  of  the  Pacific  and 
Indian  Ocean,  the  Red    Sea,  and  the  Australian  waters,  and  that 
their  Tertiary  congeners  are  found  in  Europe,  Australia,  Java,  and 
Sinde.    Of  the  fourteen  genera  thus  enumerated,  eight  are  not  repre- 
sent^ in  the  recent  coral-fauna  of  the  Caribbean  sea. 

Jamaica  has  yielded  the  only  known  Cretaceous  and  Eocene 
corals ;  and  Dr.  Duncan  stated  that  the  former  are  identical  with 
EurojM?an  Lower  Chalk  species ;  and  that  the  latter  are  similar  to 
species  from  the  London  Clay,  the  Brackleshani  Bods,  and  the 
Paris  Busin. 

Dr.  Duncan  then  mentioned  several  curious  facts  in  the  distribu- 
tion of  the  West  Indian  corals,  both  fossil  and  recent,  and  especially 
the  circumstance  that  whilst  Jamaica,  San  Domingo,  and  Guada- 
loupe  present  solitary  si)ecie8,  mixed  with  those  indicating  shallow 
water  and  a  reef,  Antiguji  and  Trinidad  ofier  for  consideration  only 
reef-species.  In  conclusion,  the  author  drew  attention  to  tlio  con- 
firmation by  subsequent  discoveries  of  his  theory  of  an  Atlantic 
archipelago,  which  be  had  put  forward  in  his  earlier  papers. 

Geologists'  Association,  University  College,  London. — On 
December  12th,  1867.  Mr.  Henry  Woodwakd  delivered  a  lecture  to 
this  association,  "  On  Kecent  and  Fossil  Crustacea,"  in  which  he 
pointe<l  out  the  great  interest  attaching  to  this  group,  not  only  on 
account  of  its  wide  geographical  distribution,  but  also  its  early  ap- 
pearance in  geological  time.  He  considered  that  the  division  Arti- 
cuUta  was,  probably,  almost  of  as  great  zoologicjil  value  as  the 
Bub-kingilom  Vertehrata  :  that,  in  fixct,  in  palffiozoic  times,  the  repre- 
sentatives of  the  Artxculata  fulfilled  the  functions  afterwards  pcr- 
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formed  by  fishes  and  reptiles — ^that  the  Articulata  alone,  of  all  the 
Invertebrata,  possessed  the  powers  of  aerial,  terrestrial,  and  aqoatio 
progression,  and  in  as  great  perfection  as  the  Vertehrata. 

Mr.  Woodward  called   especial   attention   to   those  orders  and 
families  of  Crustacea  which  are  of  greatest  interest  to  the  palaeonto- 
logists, because  they  are  represented,  in  some  instances,  far  back  in 
time,  their  remains  being  found  in  oldest  Palaeozoic  strata- 
He  spoke  of  those  world-wide  forms  — the  bivalve  Entomosiraea, 
to  which  Messrs.  I^arker,  Jones,  and  Brady,  have  devoted  so  much 
attention,  which  have  lived  on  from   Silurian  times  to  our  own : — 
of  tho  Apu8-like  Crustacea,  Ceratiocarisy  Feltocaris,  Dithf/rocaris,  &c., 
equally  persistent:  of  the  gigantic  £urt/pterida,  and  their  modem 
relatives,  the  Limulida,  (these  latter  appearing,  by  recent  discoveries, 
to  go  back  in  time  to  the  Upper  Silurian)^: — of  the  extinct  Trilo- 
bites  and  their  relationship  to  Apits  and  Branchipus.     Mr.  Wood- 
ward noticed  that  aberrant  group  the  Cirripediay  represented  by  tlie 
"  Barnacle "   and  "  Acom-sheU,"   and  their  relatives,  who   prefer 
whales  and  turtles  backs  to  live  on,  rather  than  the  sides  of  ships. 
He  mentioned  that  one  fossil  Cirripede  had  been  discovered  as  low 
down  as  the  Wenlock  liniostoue,  and  that  tho  fossil  shell,  of  a  species 
parasitic  on  the  whale,  had  been  found  in  the  Crag  of  Suffolk,  where 
such  vast  quantities  of  the  bones  of  fossil  Cetacea  are  also  met  with 
in  the  C()})rolite-diggings  in  the  Crag.     He  then  spoke  of  the  higher 
fonns,  the  Decapod  Cnistacea,  represented  by  the  Crab,  Lobster,  and 
Prawn,  and  showed  that  the  short-tailed  Crabs  have,  at  present-,  only 
been  found  as  far  back  in  time  as  the  great  Oolite,  but  that  the  long- 
tailed  typo  go  back  to  the  Coal-measures. 

In  conclusion  he  strongly  recommended  this  group  to  the  attention 
of  Town-membors,  as,  from  the  London  Clay,  some  of  our  finest 
Tertiary  fossil  Crustacea  had  been  obtained ;  whilst  from  the  Chalk 
of  Kent  and  Sussex  and  the  Gault  of  Folkestone,  an  equally  abun- 
dant harvest  might  be  procured. 

Mr.  Woodward's  lecture  was  illustrated  with  a  large  series  of 
Diagrams  and  Specimens  of  recent  Crustacea,  serving  to  show  the 
wonderful  diversity  of  form  and  modification  of  the  appendages 
which  are  displayed  in  so  remcirkable  degree  by  this  interesting  class. 
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DENUDATION,  AND  ITS  AGENTS. 

Sib, — T  am  pleased  to  find  that  your  contributors  have  of  late  re- 
turned to  the  attack  upon  the  difficult  subject  of  denudation.  There 
is  plenty  of  room  for  other  workers  to  labour  in  other  departments 
of  our  illimitable  science,  without  this  subject  being  lost  sight  of.  We 
must  be  content  to  undergo  a  good  deal  more  hard  thinking  and  close 
reasoning  upon  it.  Fine  writing  will  not  solve  our  difficulties.  Even 
alliteration  may  fail  to  help  us. 

Denudation  has  been  going  on  for  extended  ages,  and  this  pecu* 

1  See  tho  fint  article  in  the  present  number  of  the  Gbolooxcal  Maoaixnb,  p.  I. 
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liarity  attaches  to  it,  that  tho  last  agency  at  work  necessarily  o])lito- 
iHtes  the  marks  of  others  which  may  have  preceded  it^  When, 
therefore,  we  are  discussing  this  subject,  it  is  important  to  avoid 
mibC'jnceptiuu  by  stating  clearly  what  stage  of  the  whole  process  we 
are  uj^on.  One  may  say,  we  have  marine  action  here ;  another,  we 
have  glacial ;  another,  pluvial.  Each  may  be  right  if  he  limits  his 
assertion  to  the  proper  stage ;  each  will  Ikj  in  error  if  he  carries  it 
beyond.  It  is  as,  in  describing  the  fashioning  of  a  boanl,  we  might 
truly  assert  it  to  have  been  cut  either  by  the  axe,  or  by  tho  saw,  or 
by  the  plane.  But  if  we  were  to  attribute  the  fDrmation  of  the 
smixith  surface  to  one  of  the  two  fonner  instruments,  the  assertion 
would  be  iiUHjrrect. 

Tlie  present  ])hnse  of  the  discussion  refers,  I  apprehend,  to  the 

fiufd  stage  of    denudation.      To  use   the  above  illustration  again, 

w»fre  I  shown  a  lK>ard,  and  asked  by  what  tool  tho  surface  had  Ix^cn 

hn}iight  to  its  pres^'ut  condition,  I  should  look  at  two  things — first 

at  i\\%*form  of  the  surface,  and,  secomlly,  at  tho  condition  of  it.    From 

tlie  two  t<:>tcether,  I  should  be  able  to  arrive  at  a  sure  judgment  of 

the  n^ode  by  which  the  surface  had  been  produced.     Now,  I  think 

ilm  these  tests  have  not  been  carefully  enough  api)lied  tx)  discover 

the  true  cause  of  the  form  of  the  ground.     The  acknowledged  j)ower 

f»f  rain  to  carry  some  portions  of  the  soil  into  the  rivers,  and  the 

power  of  rivers  t(»  convey  what  the  rain  gives  them  into  the  sea, 

\i-ij<  not  provf-  that  tlie  eontour  of  our  landsrapo  was  ]»roduce(l  by 

ih'^H-  n;j;«.-nt5?.    Thr  (|uosti«m  to  be  dccidi'd  is,  whether  rains  can  mould 

'li'.'  surtac*'  TO  the  partinilar  form  which  it  jjrescnts,  and  wlicther  it 

f'lii  remove,  not  some  material,  but  the  paiiicular  material  of  whicli 

t'uii  l<"':ility  has  been  denuded.      This  is  a  (piesiion  concM^ning  the 

iiKi.h  tiiical   [lower  of   water,    in  tlie  (piantities  whi(th  rain   yiehh'. 

Diiving  over  surfaces  having  tlie  minimum  iiielination  of  the  denuded 

<>'iUAtrv.     An«l  wlien  we  call  in  the  assistance  of  the  weather  to  dis- 

ini»  grate  tlie  harder  rocks  so  as  to  lit  tliem  for  removal  by  rain,  w(! 

nm>t  recollect  that,  in  cases  of  iinecjual  solubility,  tlie  harder  jxir- 

ti.  ijs  wijiiM  be  left,  if  only  temporarily,  to  acx^umuhite  behind,  and 

liiU**  to  point  out  the  manner  in  which  tlie  waste  (»f  the  surface  was 

U.in;:^  <ti'«'Cted.     Neither  must  it  be  forgotten  that  such  pluvial  action 

iijii^t  have  been  carried  on  when  all  the  less  elevated  parts  of  the 

buriatr*:  Were  Covered  with  herbage,  as  tlu^y  would  havi*  been  if  tho 

climate  was  not  glacial.    If  it  wjis  glacial  to  the  extent  of  preventing 

tile  grriwth  of  herbage,  then  ice  jiction  would  have  taken  plac(i. 

Til*.'  ^econd  index  to  tlui  ag(.ricy  which  has  been  in  openition  is  to 
Ik*  f«'iind  in  the  condition  of  tin;  surface.  It  is  inexcusable  to  neglect 
the  study  of  this,  which  is  to  be  s(^en  in  every  shallow  pit  or  ditch 
that  is  ojieiied.  Such  sections  always  afford  an  interesting  study. 
We  must  no  longer  be  content  to  disguise  our  slothful  ignorance  of 
the  true  nature  of  the  first  few  feet  of  everv  section  under  su(;h  terms 
as  *•  heading,''  *' vegetable  soil,"  *' niin  wash  "  (unless  we  can  prove 
it  such),  "rubbish,"  or  what  not.  There  vou  have  a  veritable  re- 
cord  of  the  last  touch  of  Nature's  hand  in  fashioning  the  landscape. 
&iy,  what  tool  did  She  use  V  Those  contorted  layers  of  gravel,  those 
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pebbles  set  on  end,  those  larger  stones  suspended  in  wbat  was  onoe  a 
plastic  mud,  tbat  distinct  line  of  demarcation  between  the  moved 
and  unmoved  ground  usually  marked  with  slikenside  if  you  look 
for  it,  those  beds  bent  back  and  dragged  down  hill — ^nay,  sometimei 
bent  over  on  level  ground :  all  these  are  indications  of  some  universal 
agency,  bringing  the  surface  into  the  state  in  which  we  see  it.  What 
power  was  competent  to  produce,  not  one  of,  but  all  these  effects  ? 

The  modem  changes  in  the  form  of  the  groimd,  by  the  growth  of 
peat,  the  silting  up  of  valleys,  the  erosion  of  the  bajiks  of  streams* 
the  slipping  of  hill-sides  under  the  action  of  springs,  will  help  the 
close  student  of  the  subject  to  arrive  at  a  satisfactory  conclusion  upon 
the  older  mode  of  denudation  ;  for  they  will  show  him  that  the  pre- 
sent agency  of  rain,  and  rivers,  and  springs,  is  modifying,  not 
continuing  to  produce,  the  original  contour  of  the  ground.  Until  all 
these  indications  of  form  and  condition  of  the  surface  are  patiently 
and  honestly  studied,  this  question  will  continue  to  vex  the  geolo* 
gical  mind,  and  to  occupy  the  valuable  pages  of  your  Magazine. 

0.  Fisher. 
Haxlton,  Cambridge. 

P.S. — The  above  was  written  before  the  appearance  of  the 
December  number  of  the  Magazine,  and  has  no  reference  to  the 
papers  therein  contained. 

THE  EARTH'S  FEATURES. 

Sib, — "  The  true  vieioa  of  the  operations  of  nature  in  acuJphtring  tke 
mrfaee  of  the  earth  can  never  be  arrived  at  unless  we  .take  into  earn- 
sideration  the  effect*  of  aU  possible  agencies,  and  give  them  their  duns 
place  in  the  great  work.''  * 

Never  were  truer  words  spoken  than  the  above, — Marinists  may 
rave  about  what  their  special  agent  can  do  ;  so  may  SubaSrialists  pro- 
per, GlacialistSf  and  every  other  isis,  but  unprejudiced  observers  will 
find  that  all  the  different  agencies  work  hand  in  hand,  and  that  if 
any  of  them  had  been  absent,  the  present  features  of  the  earth  could 
not  have  been  formed  as  we  now  find  them. 

Why  is  it  necessary  that  any  new  theory  should  be  invented  or 
any  special  theory  adopted  to  account  for  the  present  features  of  the 
Earth  ?  Why  not  rather  allow  the  existing  forces  to  do  the  work 
nature  has  assigned  each?  Let  the  changes  in  the  earth  be  con- 
sidered from  "  tlie  beginning,"  and  may  not  a  solution  for  most-,  if 
not  for  all,  the  apparent  difficulties  be  found  ?  To  suit  the  spedai 
theories,  various  forms  have  been  suggested  as  the  first ;  but  is  there 
one  of  them  so  simple  or  better  than  that  given  in  The  Book — "  The 
earth  was  without  form  and  void,  and  the  spirit  of  Grod  moved  on  the 
face  of  the  water."  From  this,  the  oldest  record,  it  would  appear  that 
at "  the  beginning, "the  eartli  was  surrounded  by  an  envelope  of  water. 
Moreover,  this  statement  agrees  with  present  conditions;  for  a 
similar  phenomenon  might  again  occur  if  all  the  land  was  sunk  in 
the  depths  of  the  ocean.  Tliis  sea,  as  proved  by  Mr.  Campbell  in 
'.'  Frost  and  Fire,"  must  have  been  motionless,  there  being  no  li^it 

1  Hull,  *'  Gbol.  Mao."  Vol.  IV.  p.  669. 
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— ^when  ^£^bt^  was  created,  motion  began,  and  after  that,  "  the  diy 
land  appeared," — since  then  there  has  been'^eq)ctual  motion,  during 
which,  parts  of  the  land  have  been  submerged,  while  other  parts 
have  been  elevated ;  and  this  process  has  been  enacted  over  and  over 
^ain.  While  the  land  was  above  the  sea,  ''  Frost  and  Fire,"  with 
'*Bain  and  Rivers,"  have  each  in  their  a})pointed  place  done  their 
work ;  neither  was  the  sea  idle,  as  it  must  have  acted  on  the  land 
as  it  was  appearing  above,  or  disappearing  under  the  waters,  carving 
out  the  main  features  afterwards  to  be  remodelled  by  liie  other 
existing  foroes. 

An  observer  who  has  seen  the  sea  yearly  carrying  away  a  coast 
may  be  inclined  to  believe  that  it  is  the  great  destroyer ;  while 
those  who  live  among  soft  strata  tliat  are  easily  denuded,  may  pin 
their  faith  to  ''  Kain  and  Eivcrs,"  and  those  accustomed  to  Alpine 
or  Arctic  regions  to  ice;  but  an  unprejudiced  observer  will  find 
that  *'all  are  right  and  all  are  wrong."  Moreover,  if  the  advice  of 
the  Chameleon — 

"  When  next  you  talk  of  what  you  view, 
Think  others  see  as  well  as  you," 

was  generally  adopted  among  geologists,  it  would  not  be  so  difficult 
\  task  as  at  present  to  find  ''  keys  to  fit  all  the  locks." 

The  Biblical  record  may  be  sneered  at  because  human  remains 
have  not  been  found  except  among  the  most  recent  of  the  Tertiary 
•leposits.  However,  in  answer  to  this  I  may  l)e  allowed  to  put  for- 
ward Col.  Greenwood's  suggestion;  that/Zierc  is  only  wgaiive  evidence 
ngainst  tlie  existence  of  Man  and  the  other  land  animals  from  the  earliest 

I  periods  of  the  earth  ;  for  to  quoto  that  author's  words  :  ^ — "  Where  art* 
the  fossil  remains  of  land  qnadrtipeds  found  V     In  cavern  dejwsits,  in 

;  drift  and  alluvium  *  deposited  on  dry  land,'  in  filled  up  lakes,  in 
bogs,  or  frozen  up  in  polar  regions.  Now  all  these  land  museums 
are  not  only  modem,  but  they  are  superficial  and  temporary.  Tliey 
are  liable  to  be  washed  into  the  sea  ;  and  their  fossil  contents  must  be 
destroyed  before  they  can  be  re-deposited  in  marine  strata." 

G.  Uenry  Kinahan. 

CoNNEMARA,  Dee.  1«/,  1867. 

DENUDATION  OF  THE  WEALD. 
Sib, — In  your  December  number,  page  572,  Mr.  Mackintosh 
names  me  as  "  Colonel  Greenwood,  the  father  of  modem  subaeritU- 
ism."  And  tliereupon  he  puts  this  question  to  me,  **Jf  rain  has 
washe<l  away  the  soluble  chalk,  what  has  become  of  the  insoluble 
flints?"  In  reply  I  would  ask  Mr.  Mackintosh  where  do  **  surface 
flints  "  come  from  ?  I  have  said  "  Everytliiug  on  the  surffice  of  the 
farth  which  is  not  living  is  decaying.  On  this  decay  depends  soil. 
()n  soil,  vegetable  life.  On  vegetable  life,  herbivorous  animals.  On 
herbivorous  animals,  carnivorous  animals.  So  that  all  life  depends 
on  decay."  At  page  211,  of  **  Rain  and  Rivers,"  is  this  passage, — 
•'  In  chalk  countries  denudation  leaves  a  residuum  of  flints  on  the 
surface,  because  though  these  flints  disintegrate  and  though  each  is 

1  «  Bain  and  Rivers,"  2nd  Edition,  p.  199. 
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surrounded  with  a  white  soft  surface  of  decay,  they  do  not  decay  so 
fast  as  the  chalk.  Notwithstanding  the  most  sedulous  Bior^e-fitMngt 
these  flints  still  make  their  appearance.  And  it  is  the  univerRal 
opinion  among  farmers  that  they  grow,  not  in  size  hut  in  numhers. 
But,  however  we  may  laugh  at  the  idea  of  the  growth  of  flints  on 
land,  for  the  fad  that  surface  flints  increase  in  numher  it  is  impos- 
sible to  supi)06o  more  competent  witnesses  than  farmers.  And  how 
is  the  fact  to  be  accounted  for  unless  they  are  the  residuum  of  denu- 
dation ?  "When  sheep  in  feeding  oif  turnips  have  trodden  the  ground 
firm  and  the  flints  loose,  I  have  seen  them  raked  into  rows  and 
shovelled  into  carts.  And  were  it  not  that  the  bulk  of  the  layers  of 
chalk  which  decay  into  soil,  so  infinitely  exceeds  the  bulk  of  the 
layers  of  flint  which  decay  into  soil,  the  accumulation  of  surfact^ 
flints  would  soon  st^)p  agriculture  in  chalk  district*.  But  as  rain 
gradually  and  annually  washes  away  the  soil,  the  plough  brings  up 
^esh  flints.  And  this  increase  of  surface  flints  in  number  proves 
a  very  universal  denudation  going  on  at  this  moment  under  our  own 
eyes."  With  regard  to  **  what  has  become  of  the  insoluble  flints," 
where  large  bodies  of  chalk  have  b(?en  removed,  such  as  the  ancient 
cap  of  the  Weald  Hill,  have  we  no  flint  gravel  beds  ?  Have  we  no 
beaches  of  flint?  What  of  the  flint- gravel  of  Kensington  and  Hyde 
Park  ?  Wliat  of  the  flints  in  the  enormous  beaches  (Dungeness  for 
instance)  between  Dover  and  the  Weald  at  Hastings  on  the  one 
hand,  and  between  Beachy  Head  and  Hastings  on  the  other  ?  These 
witnesses  once  existed  in  the  chalk  which  surmounted  the  Weald 
Hill  above  Hastings.  Countless  myriads  of  tons  of  them  have 
travelled  to  and  fro  in  all  directions,  and  these  travellers  still  exist 
on  our  coast  at  Hurst  Castle,  at  the  Portland  beach,  at  Slapton  sands, 
at  Hellstone,  and  round  the  Lands-end  and  to  the  north  of  it  Count- 
less myriads  of  tons  of  them  have  been  ground  into  sand.  And  as 
I  have  said  in  the  chapter  on  the  travelling  of  sea  beach  in  '*  Rain 
and  Rivers,"  **  as  the  wind  blows  the  wave  flows,  as  the  wave  flows 
the  beach  goes."  But  the  wave  flows  up  the  shore  obliquely  and 
down  the  shore  stmight.  ITie  water  then  would  heap  to  leeward 
unless  there  was  an  under- tow  to  windward.  This  imder-tow 
carries  sand  which  is  fine  enough  to  be  held  in  suspension,  and  this 
is  the  cause  of  blown  sand  at  the  windward  end  of  large  beaches. 
And  from  Bridport,  which  is  the  windward  end  of  Portland  beach, 
millions  of  tons  of  sand  are  exported  to  every  part  of  the  world  ti) 
make  "  Portland  Cement."  This  is  "  what  becomes  of  the  insoluble 
flints." 

Mr.  Mackintosh  smashes  what  he  calls  "  Colonel  Greenwood's 
hard  gorge  and  soft  vaUey  theory."  I  laid  down  tlie  principle  that 
''  as  sure  as  thei'e  are  alternations  of  hard  and  soft  strata  in  the 
course  of  a  river  or  valley  so  sure  will  there  be  alternations  of  gorge 
and  alluvial  flat."  I  first  generated  this  theory  in  accounting  for 
the  valleys  along  the  stretch  of  the  soft  Weald  clay,  behind  the 
srorges  across  the  comparatively  hard  chalk  of  the  North  and  South 
D  jwns.  And  I  said  that,  owing  to  this  principle,  the  original  timgh 
Weald  Hill  had  been  cut  by  rain  and  rivers  into  three  ridges,  two 


Cori'cnpotidence — Mr.  R,  IL  Tiddeman.  39 

outside  clialk  ridges,  and  one  inside  Weald  Hill.  And  that  these 
three  ridges  of  hills  were  as  much  formed  by  rain  and  rivers,  as  the 
statue  is  formed  by  the  sculptor.  I  thought  that  this  was  quito 
simple.  Mr.  Mackintosh's  receipt  is  more  simple  still.  He  first 
brings  in  fire  to  make  *'  longitudinal  cracks  during  axial  elevation/* 
then  water  in  the  form  of  currents  "  deflected  and  reflected  so  as  to 
hollow  out  the  curvilinear  *  coves*  by  which  the  *  capes*  arc  separated. 
But  suppose  it  could  be  sho'wn  that  powerful  currents  operating  at  a 
considerable,  not  *  too  great*  a  depth,  are  incapable  of  scooping  out 
the  depressions  bounded  by  escarpments,  it  would  not  be  more  in- 
consistent with  uniformity  to  suppose  a  cyclically-recurring  intensi- 
fication of  the  action  of  currents  caused  by  sudden  upheavals  of 
strata  (here  we  have  fire  and  water  together)  than  to  admit  occa- 
sional strides  constituting  breaks  in  the  otherwise  continuous  series 
of  (organic)  changes.*' 

Tliis  seems  so  probable  that  if  I  remain  of  the  same  opinion  still, 
it  can  only  be  from  being  convinced  against  my  will. 

In  the  same  number  of  your  Magazine,  page  ^Q^S^  Mr.  Hull  says, 
'*  I  adopt,  though  with  some  hesitation  the  views  of  Professor  Ram- 
say, Dr.  Foster,  and  Mr.  Toj)ley,  regarding  the  sul)aL'rial  denudation 
of  the  Weald.'*  If  Mr.  Hull  will  do  me  the  honour  to  read  the  chapter 
on  the  Weald  in  "Rain  and  Rivers,'*  I  think  that  he  will  do  me  the 
justice  to  say  that  the  above-named  gentlemen  liave  "  adopted*'  my 
principles,  first  published  in  1853,  and  again  in  1857. 

George  Grkknwood,  Colonel. 
Bbookwood  Park,  Alresford, 
6  Dtcembtr,   1867. 

THE  VALLEYS  OF  LANCASHIRE. 

Sir. — My  friend  and  colleague  Mr.  Hull  in  the  last  number  (pfige 
o^»S)  has  again  brought  forward  and  endorsed  his  views  as  to  the 
formation  of  the  vallcvs  of  LancaKhire.  As  I  liavo  now  for  some 
time  l>een  at  work  in  North-East  Lancashin?  and  the  adjoining  jiarts 
of  Yorkshire,  my  silence  would  imply  that  the  country  on  which  I 
am  engaged  lioars  evid(»nce  in  favour  of  his  views,  whereas  tlie  facts, 
80  far  as  my  experience  goes,  tend  towards  an  o])i)Osite  conclusion. 

He  savs  **  Most  of  the  vallevs  are  reallv  double  valleys,  the  smaller 
Keing  alone  due  \o  river  denudation,  and  the  eridencc  of  this  lies  in  the 
fact  that,  the  larger,  or  primary,  valleys  are  filled  with  terraces  of 
Marine  Boulder-clfiy,  and  are  really  plains  of  marine  denudation  in 
their  earlier  stages.**  (The  itfilics  are  mine.)  The  fact  I  can 
ci^rroborate  ivith  pleasure,  but  I  must  differ  from  him  in  the  in- 
ference. I  find  myself  ol)lig(;d  to  go  further  than  my  friend  and 
>xate,  that  in  the  district,  with  which  I  am  ac^tpuiinted,  the  Boulder- 
clay  lies  also  in  the  "secondary'*'  valleys,  and  in  water-courses  of 
fvery  size  and  atdilferent  levels  (even  in  some  of  the  narrow  doughs 
flown  the  hill-sides),  in  short,  in  many  of  those  "channels  and  fur- 
rows," which  Mr.  Hull  admits  to  have  be(»n  formed  **hy  the  action 
of  frost,  rains,  rivers,  and  ghu*iers.*'  In  fact  many  of  the  brooks  of 
this  part  of  Lancashire  are  simply  re-excavating  and  enlarging  fossil 
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water-courses,  and  following  in  the  footsteps  of  their  {OB-gl 
pioneers. 

With  these  facts  before  me  I  see  no  escape  from  the  infer 
that,  in  this  district  at  least,  the  Glacial  Sea,  so  far  from  /ormtnj 
"  primary  "  valleys,  in  which  it  left  the  Boulder-day,  had  not 
the  power  to  obliterate,  in  those  valleys,  many  minor  features  foi 
by  previous  subaerial  action.  B.  H.  Tiddsma 
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CuTHBBOE,  Jkeember  \2tk,  1867. 


8EA-CLIPFS  AND  ESCARPMENTS. 
Sis, — In  combating  the  notion  that  escarpments  have  been  or 
ally  sea-cliffs,  Mr.  Whitaker  has  stated  so  fully  and  forcibly 
well-known  fact  that  their  bases  are  rarely  or  never  at  the  f 
height  above  the  sea-level  for  any  distance,  that  there  woul 
first  sight  seem  to  be  little  room  for  anything  more  on  the  sul: 
Mr.  Whitaker's  observations,  however,  having  been  confined  tc 
Tertiary  and  Secondaiy  rocks  of  the  South-East  of  England,  it 
perhaps  be  well  to  shew  that  his  remarks  apply  equally  to  th^ 
oarpments  of  other  districts.     I  also  note  that  one  of  your  ooi 
pendents  still  holds  that  depression  would  convert  most  of  the  ] 
oipal  escarpments  of  the  Centre  and  North  of  England  into  sea-cl 
and  another,  while  he  admits  that  the  bases  of  escarpments  an 
strictly  horizontal,  seems  to  think  that  their  deviations  from  a  1 
line  are  either  so  small,  or  so  very  gradual,  that  they  might  be 
verted  into  sea-cliffs  by  inequalities  of  depression  by  no  means 
yond  the  limits  of  probability.    Vague  statements,  like  the  latter 
easily  made ;  but,  before  they  can  carry  any  weight  with  them, 
must  undergo  the  test  of  facts,  and  figures  ;  and  for  this  end  I '. 
drawn  up  the  following  table  shewing  the  details  of  two  cases. 

SSCARPMBNT  SURROUNDING  THE  BZVEIJN  VaLLET  NEAR  SHEFFIELD. 


WORTH   SIDE  or 

TALLXT. 

SOUTH 

SIDB  or  THB  TALLXT. 

Heif bt  of 
baBc  aboTe 

Distance 

Difference   be. 

Height  of 
base  above 

BAA  Java] 

Distance 

Diiference   be- 

flromitart- 
ing  point 

tween  heigbt 
of  base  at  eacb^ 

from  start- 
ing point 

tween  height 
of  base  at  each 

in  feet. 

inmilea 
and  chains. 

point  and  mean 
height  of  base. 

in  feet. 

in  miles 
and  chains. 

point  and  mean 
height  of  base. 

1000 

+  300    ; 

1000 

4-    300 

1076 

0-40 

4-    376       ' 

1076 

0*42 

+    876 

1000 

0-60 

+    300       1 

1000 

0-76 

+    800 

900 

1-  0 

+    200 

900 

1-36 

+    200 

800 

M6 

+   100      1 

800 

1-72 

+    100  \. 
+    100)  ^ 

776 

2-  0 

+     76j^ 

800 

3-60 

700 

2-45 

700 

3-66 

600 

2-48 

—  100 

600 

4-  6 

—  100 

600 

3  40 

—  200 

600 

4-18 

—  200 

400 

3-60 

—  300 

400 

4-26 

—  300 

326 

4-  0 

—  875 

326 

436 

—  376 

Let  us  now  see  what  will  he  required  to  make  this  line  a  sea-( 
or,  if  it  were  once  a  sea-cliff,  to  convert  it  into  the  present  escarpm 

*  Fault  between  these  points. 

f  BetWMD  these  points  the  biM  Is  up  and  down  between  800  and  850. 
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The  mean  height  of  the  base  is  about  700  feet  above  the  sea,  and 
it  will  give  the  minimum  of  oscillation  if  we  suppose  the  land 
lowered  to  this  amount  But  even  on  this  supposition  we  shall 
require  the  lowest  point  to  be  raised  375 
feet,  a  point  only  two  chains  off  300 
feety  a  point  seven  chains  further  on  200 
feet,  and  so  on ;  while  at  the  other  end 
of  the  line  additional  depression  will  bo 
necessary,  and  the  heights  of  the  first 
three  points  shew  that  this  depression 
will  not  always  increase  uniformly  in 
the  same  direction.  I  may  add  that  I 
have  neglected  the  gashes  cut  by  small 
streams  in  the  flank  of  the  slope,  and 
taken  only  the  general  line  of  the  cliff: 
bad  all  the  lesser  windings  been  followed 
the  result  would  have  been  still  more 
itiiking.  This  way  of  treating  the  mat- 
ter is^  I  think,  fairer  to  my  opponents, 
because,  according  to  their  view,  these 
gollies  were  formed  after  the  termina- 
tion of  the  process  which  gave  rise  to 
the  escarpment  itself. 

In  order  to  shew  more  clearly  to  the 
eye  the  facts  I  am  insisting  on  I  have 
thrown  the  details  of  another  case  into 
the  form  of  a  diap^m  given  in  the 
woodcut  annexed.  The  dotted  horizontal 
line  there  represents  the  average  level  of 
the  base  of  the  escarpment,  and  the  dis- 
tance between  this  dotted  line  and  the 
hard  black  line  at  any  point  shows  the 
difference  in  level  between  the  actual 
base  at  that  point  and  its  mean  height, 
and  therefore  the  amount  of  additional 
elevation  or  depression  required  to  turn 
the  escarpment  into  a  sea-cliff.  The  hori- 
zontal and  vertical  scales  are  each  two 
inches  to  a  mile. 

The  cases  just  given  have  been  taken 
at  random,  and,  I  believe,  represent  very 
fiiirly  the  general  state  of  the  escarp- 
ments of  the  Carboniferous  rocks  in  Lan- 
cashire, Yorkshire,  Staffordshire,  and 
Derbvshire  ;  to  turn  these  into  sea-cliffs, 
tea-saw  work  like  that  described  would 
be  required  for  every  one,  alike  in  char- 
acter but  varying  in  amount  for  each ; 
now,  independently  of  the  improbability 
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of  Mother  Earth  ever  having  been  afflicted  with  St  Vitus'  dance  to 
this  extent,  I  do  not  see  how  it  is  possible  that  such  startling  in- 
equalities in  elevation  or  depression  can  have  gone  on  in  solid  raclu 
at  the  surface  without  shattering  them  to  pieces. 

Will  you  also  allow  mo  to  tell  Mr.  Mackintosh  that  I  have  tried 
to  explain  how  subaerial  agency  may  begin  the  work  of  escarpment- 
making  on  p.  87,  of  the  Geological  Survey  Memoir  on  the  country 

round  Stockport,  Macclesfield,  Congleton,  and  Leek. — A.  H.  Gbebn. 
Monk  Bketton,  Bahnslet, 
J)3eember  9M,  1867. 


REPLY  TO  MR.  W.  BOYD  DAWKINS,  ON  THE  THAMES  VALLEY 
DEPOSIIS,  &c.;  AND  TO  MR.  A.  H.  GREEN,  ON  THE  OUSE 
VALLEY    AT    BUCKINGHAM. 

Sib, — Before  replying  to  Mr.  Dawkins'  criticism,  I  must  acquit  my- 
self of  any  undue  use  of  the  letter  to  mo  to  which  he  refers.  I  wrote 
him  in  reply  to  it,  pointing  out  privately  what  I  have  now  done 
publicly  ;  and  asking  him,  as  I  valued  his  palaeontogical  evidence, 
to  correct  what  I  considered  to  bo  a  hasty  error  in  his  geology. 
All  that  I  received  was  a  letter,  refusing  in  indignant  terms  to  do 
this,  and  challenging  me  to  make  out  my  case.  Not  the  faintest  in- 
timation was  given  me  of  the  mistake  in  places  which  Mr.  Dawkins 
now  says  he  made,  notwithstanding  that  I  had  pointed  out  to  him  that 
Mountnessing  and  Ingatestono  had  nothing  to  do  with-  the  valley  of 
the  Blackwater,  and  the  position  of  the  Glacial  clay  near  Witham 
had  been  siiown  by  mo  a  year  previously,  in  sect,  nine  of  my  paper, 
at  page  348  of  your  third  volume.^  He  must  have  been  hurried 
indeed,  if  he  ran  his  finger  up  the  Wid  to  Ingatestone  and  Mount- 
nessing, instead  of  up  the  Blackwater  to  Witham,  when  the  latter 
is  not  only  fifteen  miles  distant  from  them,  but  is  in  anotlier 
Ordnance  Sheet  It  was  only  upon  this  failure  to  get  corrected,  or 
even  qualified,  in  an  unobtrusive  way,  what  I  consider  to  be 
a  fundamental  error,  that  I  sent  in  the  note  to  my  paper  then 
awaiting  its  turn  for  reading  at  the  Geological  Society. 

With  respect  to  the  brick-earths  of  Grays  and  Crayford,  I  have 
given  so  many  sections  in  illustration  of  their  position  in  the 
memoir  that  accompanies  my  maps  in  the  Geological  Society's 
library,  that  it  would  only  be  unduly  occupying  your  space  to 
endeavour  to  illustrate  the  subject  here.  They  must  await  the 
investigation  of  impartial  observers,  who  will  study  and  master,  not 
one,  but  the  whole  of  the  highly  complex  features  of  the  Eastern 
Thames  valley.  All  that  I  would  invite  Mr.  Dawkins,  and  it  seems 
Professor  Morris  also,  to  do,  is  to  show  that  the  gravel  of  the  lower 
terrace,  which,  with  a  tliickness  of  fifteen  feet,  'passes  under  the 
greater  part  of  the  Grays  hrickearth,  be  not  a  part  of  the  same  sheet 
which  occupies  the  valleys  of  the  Daren t  and  Cray,  and  to  which 

^  See  Little  Braxtcd,  which  is  in  the  Blackwater  yalley,  and  only  one  mile  from 
Witham  Station.  As  the  Glacial  clay  comes  near  to  Witham,  it  may  very  prolkably 
be  at  Witham  station,  but  if  so,  is  not  yisible,  in  the  Railway  section  Uia  only  bed 
seen  being  the  grayel. 


tka  brickfi«ld  at  Omyfiwd  fomu 

A  htglier  tenwe,  as  shown  in 
.my  B«ction  at  page  409  of  the  ~ 

twenty-third  voluiuooftheQiur-  S 

terly  Journal  Geol.  Soc  Ol-" 

"Whilt-  Mr.  Dawkina  reservca  go*;?. 
•  r  ;;jii  ri ',.■-';.  r  !ln' brick-earth  ssls^ 
01  ||  I  :  .  II-.!li  and  HiU-  l^g-sl 
house  be  identical  whn  tii:i[  ^if  ?|sB  J 
Cnyford,  it  is  aot  worth  while  ^a^-a 
aUampting  to  show  that  it  is  ^|sS-_ 
inferior  to  the  Thames  gravel;  9'^h?'^ 
otherwise,  I  think  means  could  |S \% i, 
be  fonnd  to  satisfy  even  himself  I  g  ?<s  ^ 
of  that  fact,  5  ^["s"' 

Mr.  Dawiicfl' poaitiou  gene-  SB-fflJ 
rally  is  —  first,  lliat  the  obiof  ■fg?^ 
part  of  the  deposits  of  the  ^.^aL 
Thames  valley  are  older  than  l|»"F 
tlif  I  ibu'iiil  cliiv  of  the  northern  i  " 
heights ;  and  the  rest, 
what  ho  and  Mr.  Fisher  term 
"TiaU"  (but  whMw-  vxkU'ur.^ 
■I  a  formation  I  iln  ii<it  a'lniLi), 
is  fiyiiciiruouuri  with  that  day; 
•nd— secondly,  That  the  main 
features  of  the  country  around 
the  ThameB  area  were  sketched 
oat  before  the  Glacial  c)ay  pe- 
riod. "With  respect  to  the  first 
of  these  proposiuonfl,  I  ask  Mr. 
Dawkins  eithor  to  show  that 
*ection  four  at  page  398,'  and 
section  thirteen  a1  i^ri^:-  409.  of 
the  iwnly-iliinl  vuIiuqc  ul' the 
Quarterly  Jounuil,  and  the  sec- 
tion I  now  give  are  incorrect ; 
or  else  to  explain  by  what  con- 
dition of  tliiiiRS  such  a  structure 
(s  they  display  could  on  his  hy- 
IMtheeis  come  to  pass.  Those 
who  know  the  Thames  valley 
are  aware  that  a  lar);c  amiof  iJn- 
chief  deposit  in  it,  the  gravel, 
runs  up  tiie  valley  of  the  Leu. 
Now  the  accompanying  section 
shows  the  relation  borne  by 
this  gravel  to  tliG  tjll.u-iiil  clay, 
both  in  the  Thames  and  Lea 
vaUeys ;   as  well  as  the  struc- 

>  Bj  oTenieht  ths  eleiation  of  Upmin- 
M«T  Hall  aDdCranhamCburehiimade  too 
fiteat  in  ihis  lection,  bat  thjg  hai  no  bear- 
ing upon  tfae  (ttuctuTe  diipUjred  b^  it. 
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ture  of  these  valleys,  and  that  of  the  Boding,  where  the  sonthem- 
most  outliers  of  the  Glacial  clay  occur,  being  those  nearest  to 
the  common  point  of  inosculation  of  the  three  valleys.  Unless 
this  section  be  wrong,  I  submit  that  if  the  posteriority  of  the 
Thames  gravel  (x4  and  x5)  to  the  Olacial  clay  be  doubtful,  then  the 
posteriority  of  tlie  implement  gravel  at  Bedford  to  the  same  day 
must  be  doubtful  also;  for,  so  far  as  this  relative  position  goes, 
the  two  gravels  are  identical — what  I  contend  being,  that  though 
both  are  posterior  to  the  Glacial  clay,  the  Thames  gravel  is  much 
older  than  the  Bedford,  in  the  latter  part  only  of  which  contention 
Mr.  Dawkins  agrees  with  me.  PalsBontological  evidence  is  a  valuable 
auxiliary  to  Geological  position,  but  cannot  override  it ;  and  if  the  two 
dash,  the  latter,  I  submit,  should  prevail.  My  own  belief,  however, 
is  that  they  never  reaUy  clash,  and  that  the  present  case,  where  the 
Paleontology,  as  deduced  by  Mr.  Dawkins  from  the  Mammalian  re- 
mains and  the  physical  Geology,  as  deduced  by  myself,  so  strictly  agree 
is  an  instance  of  this.  I  also  ask  whether  this  section  can  be  reoon- 
ciled  with  the  other  of  Mr.  Dawkins'  propositions,  viz.,  that  the  main 
features  of  the  country  were  sketched  out  before  the  Glacial  period? 
Is  it  not  evident  that  the  three  valleys  have  been  formed  by  a  great 
denudation  posterior  to  the  Glacial  clay  ?  So  far  from  limiting  my 
meaning  of  a  valley  to  the  stream  itself,  I  contend  that  all  the 
valleys  of  the  East  of  England,  with  one  or  two  exceptions,  have 
been  formed  subsequently  to  the  Glacial  clay  ;  but  I  point  out  that 
this  clay  occupied  depressions  or  erosions  of  greater  or  less  extent, 
some  of  the  smaller  of  which  (as  in  the  case  of  parts  of  the  Boding 
and  Wid  valleys),  have  been  incorporated  into  existing  valleys  that 
chance  to  traverse  them,  quite  irrespective  of  their  original  character ; 
and  thus  give  in  these  parts  an  illusory  impression  of  the  valley  having 
been  formed  before  the  Glacial  period.  I  have  been  especially  de- 
sirous to  call  to  the  attention  of  geologists  the  great  contrast  pre- 
sented, in  this  respect,  by  the  valleys  in  strata  newer  than  the  iSrias 
south  of  Flamborough  Head,  to  those  of  the  same  strata  north  of 
that  point. 

In  reply  to  Mr.  Green,  I  beg  your  readers  to  compare  the  section 
he  has  given  in  his  letter  to  yoa  with  that  which  he  gives  in  the 
Memoirs  of  the  Geological  Survey  for  sheet  45  (which  is  that 
objected  to  by  me  in  my  paper),  and  judge  for  themselves  what 
similarity  there  is  between  them,  for  there  appears  to  me  to  be 
scarce  any.  If  the  suppositious  (or  dotted)  line  be  omitted,  I  see 
little  in  his  section  sent  you  to  object  to,  beyond  its  incomplete- 
ness ;  and  I  ask  your  readers  to  judge  what  ground  it  affords  for  the 
assertion,  made  in  reference  to  the  section  given  in  Memoir  45, 
across  the  Ouse,  '*  that  a  valley  existed  in  the  stratified  rocks,  pre- 
vious to  the  deposition  of  the  drift,  which  has  been  filled  up  with 
gravel,  and  then  partly  hollowed  out  again."  ^  I  subjoin  a  section 
shewing  what  I  submit  to  be  the  true  structure  across  the  Ouse  at 
Buckingham.  In  it  I  represent  the  Great  Oolite  and  Oombrash  as 
presenting  an  eroded  surface  to  the  Glacial  beds,  which  I  submit 

>  Memoir  for  sheet  46,  p.  34. 
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to  be  the  cause  of  those  features  attaching  to  the  Combrash  upon 
which  Mr.  Green  relies.  The  irregularity  of  the  Pre-glacial  surface 
is  indicated  by  the  outcrop  at  Lillingstone  Dayrell,  of  the  older 
locks,  without  the  intervention  of  the  bed  No.  2,  the  gravel ;  that 
bed  coming  in  again  in  great  force  under  Whittlebury,  three  miles 
beyond  the  northern  end  of  my  section.     It  is  impossible  that  the 


I.  The  Greftt  Oolite  and  Cornbranh  oonceale<l  except  where  the  ralleTs  cut  down  to  it.  2.  Grard 
and  sand  with  boulder  beda  (the  Middle  Glacial),  bcinff  bed  No.  1.  of  Mr.  Green's  ■ectioa. 
S.  The  Upper  Glacial  clay  <— -^  Vallej  deposit*.  alluTium.  etc.  N.B.  The  Oxford  daj  maj 
eome  in  at  the  South  end  of  the  section  under  No.  2,  but  if  so  it  ii  wholly  concealed. 

The  Jooccion-IiDe  of  2  and  S  should  be  level  instmd  of  unduiaUny  aa  made  by  the  engrarer  on  one 
stde  of  the  Ouse. 

Baar  tinr  abont  200  feet  abore  the  aea.  Vertical  scale  about  500  feet  to  the  inoh.  Len^  of  seetioa 
six  miles. 

Post-glacial  valley  system  should  not, frequently  encounter  these 
irregularities  of  Pre-glacial  surface,  which  are  thus  made  use  of 
to  found  an  argument  for  the  Pre-glacial  origin  of  our  present 
valleys  in  the  South.  The  main  charge  that  I  bring  against  this 
part  of  Sheet  45,  and  the  Memoir  accompanying  it,  is  that  l>oth 
omit  all  reference  to  that  which,  having  regard  to  its  super- 
fiei^'S  and  original  thickness,  is  the  greatest  Tertiary  formation 
of  EngLmd,  in  point  of  magnitude — the  Glacial  clay.  But  few  of 
your  readers  may  be  aware  tliat,  although  the  gravel  given  in  Mr. 
Green's  section  is  copiously  illustrated,  and  this,  as  w^ell  as  th(» 
valley  beds,  and  even  th«^  alluvium,  are  described  in  the  memoir, 
not  the  least  allusion,  either  in  map  or  memoir,  is  made  to  the 
Glacial  clay.  The  result  is  that,  not  only  this  part  of  Sheet  45  E, 
but  the  greater  part,  of  Sheet  52,  nearly  half  of  Slieot  46  W,  and  part 
of  Sheet  53,  are  delineated  in  a  merely  conjectuml  manner.  Had 
this  great  formation  not  l^en  thus  ignored,  I  cannot  c(mceive  that 
the  Geological  surveyors  would  have  failed  to  recognize  that  th<^ 
valley  of  the  Ouse,  from  the  source  of  that  river  alx)ve  Buckingham 
to  its  debouchure  upon  the  Fen  country,  was,  as  Mr.  Prestwich  had 
shown  it  to  be  about  Bedford,  formed  subsequently  to  the  Glacial 
clay.  S.  V.  Wood,  Juk. 

P.S. — Tn  his  letter  Mr.  Dawkins  sfiys,  in  referonco  to  tho  brick - 
earths  in  the  Railway  cutting  immediately  to  the  North  of  Mile-end 
Terrace,  and  half-a-mile  from  Hill-house  (which  I  have  mapped  as 
a  part  of  the  Dartford -heath  brick-earth,  and  treated  as  identical 
with  those  of  Cray  ford,  Erith,  and  II  ford,  which  Mr.  Dawkins 
regards  as  synchronous),  that  "the  fact  that  they  contain  nearly 
all  the  testacea  now  living  in  our  rivers,  and  none  of  those  extinct 
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in  Britain,  and  no  bones  of  mammals,  proves  them  to  be  much 
newer  than  the  neighbouring  deposits  containing  older  forms  of 
life."  Now,  since  writing  you  I  have  heard  from  Mr.  Prestwich 
that  he  found  the  land  and  freshwater  shells  of  the  Erith  bed8 
in  this  cutting  in  the  year  1850  or  1851,  and  among  them,  he 
thinks,  the  Cyrena  fluminalis.  Mr.  Whitaker,  also  writes  me,  in 
reply  to  my  enquiry,  that  he  thinks  he  found  the  Cyrena  in  the 
cutting  West  of  Dartford  Station  some  years  ago,  but  cannot  speak 
with  any  certainty,  not  having  his  note  books  of  that  date  with 
him.  S.  V.  W.,  JuN. 


SUBAERIAL  DENUDATION. 

Sib, — I  did  not  intend  to  answer  communications  objecting  to 
arguments  and  statements  in  my  paper ;  but  one  of  the  letters  in 
your  last  number  demands  a  few  words. 

I  am  sorry  that  I  should  have  misrepresented  the  views  of  my 
friend  and  colleague,  Mr.  Hull,  and  thereby  given  him  any  annoy- 
ance ;  but,  at  the  same  time,  I  am  glad  that  the  name  of  another 
able  and  tried  geologist  may  bo  added  to  the  roll  of  those  who  allow 
that  great  things  have  been  done  by  subaerial  denudation,  though  he 
does  not  go  so  far  as  some  of  us. 

I  read  his  letter  on  "  Kiver- Denudation  of  Valleys,"  soon  after  it 
appeared  (Geological  Magazine,  Vol.  HI.,  p.  474)  but  did  not  refer 
to  it  in  my  pai)cr,  as  it  seemed  to  me  to  uphold  marine  rather  than 
subaerial  denudation.  My  mistake  arose  from  taking  certain  state- 
ments of  Mr.  Hull's,  which  had  reference  to  some  valleys  of  a  certain 
sort,  as  applying  to  valleys  generally. 

I  have  not  seen  his  paper  in  the  "  Popular  Science  Review,"  and 
I  do  not  hold  myself  bound  to  wade  through  journals  of  that  kind,  in 
search  of  original  articles  on  geology.* 

There  is  another  geologist  to  whom  justice  was  not  done  in  my 
paper  (p.  450) — the  Eev.  O.  Fisher,  who,  I  believe,  first  published 
the  second  of  those  arguments  against  the  marine  formation  of  escarp- 
ments that  Sir  Charles  Lyell  admits  to  be  unanswerable  (p.  449). 

The  remarks  of  your  correspondents  seem  to  me  to  divide  them- 
selves, for  the  most  part,  as  follows: — (1).  Some  show  that,  as 
might  be  expected  (man  being  fallible),  I  have  overlooked  sundry 
small  matters ;  (2)  some  make  statements  of  a  kind  that  1  have  not 
denied  or  objected  to  at  all ;  (3)  some  have  been  already  answered 
in  my  paper ;  (4)  some  are  simply  exceptions  to  rules  that  I  have 
stated  to  be  general,  not  universal  (and  according  to  the  old  proverb 
"  the  exception  proves  the  rule") ;  (5)  some  are  founded  on  a  strange 
misunderstimding  of  the  arguments  of  subaerialists ;  (6)  some  are 
statements  that  I  cannot  agi*ee  to,  and  which  I  can  only  meet  by 

»  Mr.  Hull's  criticism  (Geol.  Mao.,  Vol.  IV.,  p.  667,)  of  a  sentence  in  the  first 
part  of  Mr,  Whitflker's  pnpcr,  "On  Subaerial  iJenudation,"  (p.  4d3)  should  haTa 
Deen  omitted,  as  the  sentence  objected  to  was  corrected  at  the  end  of  second  part 
(p.|498),  a  month  before  Mr.  Hull's  letter  appeared— by  the  insertion  of  the  word 
»«iia,"  after  "follow"  ^line  16,  p.  463).— Edit. 
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denial:  none  materially  weaken  the  argoments  in  favour  of  sab- 
aerial  denudation. 

That  I  do  not  take  up  the  matter  in  detail  is  owinf^,  not  to  inability 
to  defend  my  position,  but  to  a  wish  to  steer  clear  of  controversy. 

W.  WUITAKEB. 

P.S.  — (1.)  Please  insert  the  following  corrections  of  the  second 
part  of  my  paper  which  appeared  in  your  November  number.* 
Page  485,  fig.  1,  the  c  should  have  been  at  the  top  of  the  cut. 
Page  489,  fig.  2.  Tlie  woodcut  does  not  quite  agree  with  the 
description.  The  broken  lines,  above  what  should  have  been  a  firm 
line  on  the  right  and  a  broken  one  on  the  left,  but  which  is  con- 
tinuous and  somewhat  shaky  throughout,  ought  to  have  been  doited, 

(2.)  In  a  notice  of  my  "list  of  Wells  and  Borings"  (p.  510)  the 
reviewer  has  mistaken  the  thickness  of  the  surface-deposits,  gravel, 
etc.,  given  therein,  for  the  depth  of  the  wells.  Instead  of  fifty  feet 
being  the  greatest  depth,  some  of  the  wells  go  down  eight  times  that 
amount. 

I  t;ike  this  opportunity  of  asking  all  who  have  notes  of  wells  and 
l)orings  in  the  London  district,  to  favour  me  with  a  copy  of  them, 
such  information  being  very  useful  to  the  Geological  Survey. — W.W. 


RESEARCEES    IN    BRITISH    MINERALOGY. 

Sir, — Your  last  number  (which  my  absence  in  Spain  has  pre- 
vontrd  mc  receiving  beforo  now)  contains  a  letter  IVoni  jMr.  T. 
Dnvies,  dated  from  the  British  ^luseuni,  in  whicli,  aftor  referring 
to  S(»nie  remarks  contained  in  a  late  pii]HT  of  mint;  diesearches  in 
liritish  Mineralogy,  Phil.  Mag.  Nov.  ISGTj,  he  stati'S  that  true  Silver- 
fahh.rz,  or  Polytelite,  is  **  found  in  (quantity  in  this  country  and 
miuL-d  tV»r  the  silver  it  contains." 

B«.'ing  at  present  occuj)ied  in  the  preparation  of  a  work  on  British 
Mini.'mh'gy,  this  information  was  very  acc<'})tal)le  and  at  once  in- 
<luced  me  to  visit  the  British  ^luseuni,  in  the  full  expectation  of 
finding  so  valuable  and  interesting  a  British  mineral  species  dis- 
played in  C4ise  No.  11;  unfortunately  I  couhl  not  perceivu  any  such 
specimen  labelled  as  Silver-fahlerz,  or  Polytelite,  nor  any  notice  of 
its  occurrence  in  the  ottieial  guide  to  the  eA>llection. 

In  hopes,  therefore,  of  eliciting  further  information  I  send  you 
these  remarks  : — 

Tot rahe<l rite  in  general  contains  more  or  less  silver,  but  can  only 
l»e  termed  Silver-fahlerz,  Weissgiltegerz,  or  Polytelite,  when  it  con- 
tains a  notably  large  amount  of  that  metal,  say  a  minimum  of  over 
5  per  cent.,  for  some  sjiecimens  contain  even  more  than  \S0  per  cent, 
silver.  The  external  apj)earanee  and  physical  character  of  this 
spCK:ies,  do  not  dift'er  so  consi<lenibly  as  U>  enable  the  argentiferous 
or  non-arg«'ntiferous  varieties  of  Tetrahe(lrit<.>  to  be  with  certjiinty 
distinguished  from  one  another.  Although  the  former  is  generally 
found  to  be  more  brittle,  ligliter  in  colour  and  streak,  and  to  j^osscss 
a  higher  s]iecific  gravity,  chemical  examination  ciiu  alone  decide  con- 

*  Unintoutioiiully  omitted  from  the  December  Number. — Ldit. 
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clusively  as  to  whether  a  grey  copper  ore  is  entitled  to  the  name  of 
Polytelite,  or  not 

The  Foxdale  mineral  described  and  analysed  by  me  is  a  tme  Poly- 
telite ;  it  contains  nearly  14  per  cent  of  silver  (or  about  4500  onnoei 
to  the  ton),  and  agrees  in  all  its  physical  characters  with  the  most 
characteristic  specimens  of  this  mineraL 

Quite  prepared  to  admit  that  Polytelite  may  exist  in  quantity  in 
the  Silver  Vein  Mine  near  Lostwithiel,  Cornwall,  I  must,  however, 
confess  that  some  of  Mr.  Davics'  remarks  rather  tend  to  raise  a 
doubt  in  my  mind  as  to  this  being  in  reality  the  case. 

Mr.  Davics  states  he  knows  of  *^  no  accurate  analysis  having  been 
made  of  this  ore,"  but  informs  us  that  ''  the  last  sample  sold  con- 
tained 36^  ounces  to  the  ton,"  and  that  some  years  back  ''the 
average  yield  of  silver  was  68^  ounces  to  the  ton ;"  and  lastly,  as 
something  remarkable,  states  that  in  one  instance  it  was  "214 
oimces  !  " — Expressed  in  percentages  these  figures  would  merely  be 
about  0-ll-0'21  and  0*64  per  cent,  silver — amoimts  which,  mineralo- 
gically  considered,  may  be  regarded  as  but  traces  of  silver,  not  at  all 
conclusive  of  the  presence  of  Polytelite  in  the  ore. 

Metallurgists  would  not  regard  such  ores  as  silver  ores,  but  only  as 
argentiferous  copper  ores ;  and  many  of  the  argentiferous  copper  ores 
imported  from  South  America  contain  far  more  silver  than  even  the 
ridiest  of  these,  yet  frequently  do  not  contain  a  trace  of  Polytelite. 

When,  however,  Mr.  Davies  adds  that  this  "  silver  vein  was 
formerly  worked  for  the  rich  deposits  of  silver  it  contained,  I  sup- 
pose in  the  state  of  sulphide" — does  he  not  at  once  awaken  a 
suspicion  that  the  sQver  percentage  of  these  ores  may,  in  reali^, 
be  due  to  other  sources  than  to  the  presence  of  Polytelite  in  quantity. 

When  next  in  Cornwall,  I  shall  be  delighted  to  avail  myself  of 
any  opportunity  of  visiting  this  mine;  and  could  I  procure  an 
authentic  specimen  of  the  mineral  in  question,  should  have  much 
pleasure  in  analysing  it.  Previous  experience  has,  however,  taught 
me  how  little  confidence  can  be  placed  in  the  genuineness  of  speci- 
mens purchased  of  Cornish  minerals,  and  I  have  no  doubt  but  that 
Mr.  Davies'  experience  will  have  led  him  to  the  same  conclusion. 
Accurate  mineral  analyses  requires  such  an  amount  of  time,  skill, 
and  expense,  that  before  undertaking  them  it  should  be  ascertained 
with  the  greatest  care  whether  the  mineral  in  question  is  an  authentic 
specimen,  or  not  David  Fobbes. 

11,  York  Place,  Portman  Squa&b,W., 
December  'IZrd,  1867. 


Bbitish  Fossil  Cycads. — Mr.  W.  Carruthers  being  engaged  in 
investigating  the  structure  of  these  fossils,  would  be  obliged  for 
information  respecting  specimens  from  any  British  locality  which 
would  enable  him  better  to  prosecute  his  enquiries.  He  reserves  the 
examination  of  the  foliage  to  a  future  period,  confining  himself  for 
the  present  to  the  stems  and  fruits.  Communications  may  be 
addressed  to  him  at  the  British  Museum. 
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L — ^A  Notice  of  the  Chemical  GEOLoaY  op  Mb.  D.  Forbes. 

By  T.  Sterrt  Hunt,  F.R.S. 

THE  Geological  Magazine  for  October  last  contains  a  criticism 
by  Mr.  David  Forbes  of  certain  views  put  forward  by  me  in  a 
lecture  delivered  before  the  Royal  Institution  of  Great  Britain  on 
the  Slst  of  May,  1867.  Of  this  lecture  a  short-hand  report  appears 
in  this  Magazine  for  August,*  besides  which  a  condensed  report, 
revised  by  myself,  is  published  in  the  proceedings  of  the  Institution, 
in  the  Chemical  News  for  June  21st,  and  in  three  French  translations 
in  the  Bevue  des  Cours  SderUifiques,  Lea  MondeSj  and  Cosmos,  The 
Chemical  News  for  October  4th  contains  a  criticism  of  my  lecture  by 
Mr.  Forbes,  to  which  I  have  replied  in  a  communication  recently 
addressed  to  that  Journal. 

In  the  lecture  in  question,  I  endeavoured  to  bring  together  the 
results  of  modem  investigations  in  physics,  chemistry,  mathematics, 
and  astronomy,  and  to  construct  from  them  a  scheme  whicli  should 
explain  the  development  of  our  globe  from  a  supposed  intensely 
heated  vaporous  condition  down  to  the  present  order  of  things.  I 
could  not  pretend  to  discuss,  from  their  various  stand-j)oints,  cdl  the 
conclusions  arrived  at  by  different  investigators,  inasmuch  as,  even 
had  my  attainments  permitted,  the  limits  of  an  hour's  lecture  would 
have  proved  far  too  short. 

In  regard  to  the  structure  of  the  earth  I  alluded  to  two  views, 
one  of  which  supposes  a  liquid  globe  covered  with  a  thin  crust  of 
solidified  rock,  generally  estimated  at  from  twenty  to  thirty  miles 
in  thickness ;  while  the  other  regards  the  earth,  if  not  solid  to  the 
centre,  as  having  a  crust  at  least  several  hundred  miles  in  thickness, 
and  of  such  solidity  and  rigidity  as  to  be,  so  far  as  superficial 
phenomena  are  concerned,  inert  as  if  in  a  solid  state.  To  this  latter 
view  I  incline ;  and  I  cited  in  support  of  it  the  conclusions  of  Hop- 
kins from  the  phenomena  of  precession  and  nutation,  the  inves- 
tigations of  Archdeacon  Pratt  on  the  crushing  effect  of  immense 
mountain  masses  like  the  Himalayah,  and  the  deductions  of  Sir 
Wm.  Thomson  from  the  phenomena  of  the  tides,  showing  the 
great  rigidity  of  the  earth,  as  so  many  concurrent  evidences  that  our 

1  See  the  lists  of  Errata  in  this  Magazine  for  September,  p.  432,  and  October, 
p.  478. 
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planet,  if  not  actually  solid  to  the  centre,  has  a  crust  fiu:  thicker  than  can  be 
accounted  for  by  the  theory  of  a  liquid  globe  covered  only  with  a  crust  resulting 
from  superficial  cooling.  This  latter  Tiew,  which  was  deduced  from  the  increase 
of  temperature  observed  in  descending  into  the  earth,  is  in  conflict  with  the 
various  mathematical  and  phyacal  considerations  above  noticed,  and  it  beoomei 
necessary  to  revise  the  older  notions  of  the  conditions  of  a  cooUng  globe. 

The  investigations  of  Charles  Deville,  and  of  Delesse,  as  wdl  as  the  earlier 
ones  of  Bischof,  show  that  the  density  of  fused  rocks  is  very  much  less  than  that 
of  the  crystalline  minerals  of  which  they  are  composed.  From  this  we  may 
naturally  conclude  that  the  crystalline  compounds  which  would  separate  by  slow 
cooling  from  a  bath  of  molten  rock  would  gravitate  towards  the  centre,  as 
Saemann  has  already  justly  observed  (BulL  Soc  GeoL  de  Fr.,  Feb.  4th,  1861). 
In  opposition  to  this  view,  Mr.  Forbes  appeals  to  the  results  seen  in  a  small 
scale  in  the  cooling  of  melted  metals,  etc — where  a  crust  forms  over  the  sur&oe. 
It  must,  however,  be  considered  that  the  conditions  presented  by  a  small  vesid 
fiill  of  a  liquid  congealing  in  an  atmosphere  greatly  below  its  own  temperature, 
and  ha\'ing  a  crust  growing  out  from  and  supported  by  the  sides  of  the  vessel,  are 
widely  different  from  those  of  a  liquid  globe  slowly  cooling  beneath  a  very  dense 
and  intensely  heated  atmosphere.  In  such  a  case,  with  a  bath  of  materials 
similar  to  those  forming  our  present  rock-crust,  the  crystalline  minerals  which 
have  been  shou-n  by  Deville  to  be  from  ^  to  ^  heavier  than  the  liquid  mass ; 
these,  as  they  separated,  would  sink  as  naturally  as  the  crystak  which  form  at 
the  surface  of  an  evaporating  basin  of  brine.  The  analogy  holds  good,  since 
the  denser  crystals  formed  at  the  sur&ce,  whether  by  ev3q>oration  or  by  cooling, 
obey  the  inevitable  laws  of  gravity. 

Mr.  Forbes  next  proceeds  to  some  considerations  drawn  from  the  mean  density 
of  the  earth,  which,  being  about  5.3,  is  twice  that  of  the  average  specific  gravity 
of  the  solid  materials  known  at  the  surface.  Admitting  that  a  solid  crust  of 
specific  gravity  2.65  were  to  form  at  the  surface  of  a  liquid  of  density  2.3,  and  in 
obedience  to  natural  laws,  to  sink  therein,  our  critic  conceives  that,  in  its  descent, 
it  would  meet  with  a  denser  liquid  stratum.  He  supposes  a  liquid  globe  "be- 
coming rapidly  denser  in  descending,  as  the  pressure  increased  by  the  superin- 
cumbent  column  of  liquid  matter  ; "  and  he  tells  us,  in  a  note,  that  we  may  admit 
a  density  of  '* nearly  10.7  for  the  middle  zone,  and  about  18.8  for  the  centre** 
(p.  435).  Two  pages  further  on  he  has  completely  changed  his  mind,  for  he  tells 
us  that  '*  experimental  research  tends  to  show  that  a  limit  is  soon  reached  beyond 
which  the  compression,  or  increase  of  density,  becomes  less  and  less  in  relation  to 
the  force  employed ; "  and  concludes  that  there  are  strong  reasons  for  believing 
that  the  central  parts  of  the  earth  **  must  consist  of  much  denser  bodies,  such  as 
metals  and  their  metallic  compounds," — which  he  further  on  explains  may  mean 
"dense  sulphids." 

To  which  of  these  two  views  does  Mr.  Forbes  mean  to  hold,  that  of  a  rapidly 
and  constantly  increasing  density  from  pressure,  or  that  in  which,  limiting  the 
condensing  effect  of  pressure,  he  seeks  to  explain  the  density  of  the  earth  by  a 
nucleus  of  heavy  metallic  compounds  ?  The  latter  is  seemingly  an  after-thought 
of  the  critic,  suggested  by  some  notion  of  the  principle  involved  in  the  augment- 
ation by  pressure  of  the  fusing  point  of  bodies  which  expand  in  melting.  As 
was  shown  by  James  Thomson,  the  effect  of  pressure  upon  ice  (and  natnrally 
upon  such  metals  and  metallic  alloys  as,  like  it,  contract  in  melting)  would  be  to 
reduce  its  melting  point,  a  fact  which  has  been  experimentally  estsu>lished  for  ice. 
Reasoning  from  the  same  principle,  Sir  Wm.  Thomson  deduced  the  condusion 
that  a  reverse  effect  should  result  from  pressure  for  all  such  solids  as  expand 
in  melting  ;  that  is  to  say,  that  their  points  of  fusion  would  be  raised,  a  conclusion 
verified  by  the  experiments  of  Bunsen,  and  by  those  of  Fairbaim  and  Hopkins. 
From  some  apparent  irregularities  in  these  results,  and  from  the  fact  that  certain 
of  the  substances  submitted  to  experiment  were  bodies  of  the  carbon  series, 
which  Mr.  Forbes  calls  "organic,"  he  argues  against  the  conclusions  which 
depend  upon  a  well-defined  physical  law.  In  the  case  of  the  fusible  alloys  tried 
by  Mr.  Hopkins,  it  is  to  be  remarked  that  most  of  these  bodies,  like  ice,  expand 
in  cooling,  and  consequently  should  not  have  their  melting  points  raised  by  pressure. 
For  the  memoirs  of  James  and  William  Thomson,  see  Trans.  Royal  Soc.  Edin., 
xvi.  part  5,  and  L.  E.  D.  Philos.  Mag.,  [3]  xxxvii.  125.     A  simple  and  popular 
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itkm  of  tbe  prindple.  ud  of  Mr.  Ilojdun't  ar^nnrent  tbenbun,  for  tbe 
Lj  oi  the  glol>e,  will  be  fsBiid  in  Ihe  fuunfa  of  Tjrvdal's  lectures  oo  Btalai  a 
tf  AMi™.  See,  also,  Sorby's  Bakciim  lecture  for  1863.  dttd  faltiax  «•■. 
Ftxbes  most  cocsidei  that  ju&C  w  iar  i&  be  idmils  Ibe  coadensiiig  p««CT  cf 
Rsnre  of  [he  mpeiiiiciuiibcat  mass,  be  iocreues  the  di&oillj  of  muntunng 
rocitj  nuus  in  a  Uqoid  lOtc. 

c  ocodeniiiig  eOect  of  prEsnre  was  by  Dc.  Voudg  estimated  to  be  snlficient 
Inoc  a  mass  of  giamie  at  tbe  earth's  coitrc  to  one-eighth  its  bulk  al  the  siB'- 
ttiuld  give  to  ihe  eanh  a  mtan  dtoiitj-  e«]iiJi   lo  iwelve  <.f  thirteen 


Jdtn«dhH*»«bbkfa*Mlr«nNedto>BqriliaMi 

dwdttinttorib.  Bwfci%  ■  <*  M»Kwfat  fat  Septober  hn,  py  <; 
o  wide ihMiTtiiijiMUo«^'«eM«]rrwBMfc  that l»c 


n  •<  Ac  pMon*  ^Dlw  M]hnca 


«  if ««  ^opt  Hr.  FoAcA  Mnad  fapothHJi,  clOei 
riibr  anaeitf  Ac  dad^norniMAeiiidAiE  point  of  Ab  teed  n     , 
■d*  IMA  ke  fcv  MMaaiBf,  m  he  doi^that  Am  uwaircd  ■  •oandan  ol 
"      "  " "  b  OMiM  be  fanM 


idlic  NkiUd*  I 


in;  (ohihiircai add 


(Tgcpi,  it  coQtniT  to  d  Aat  ire  know  of  cbemkal  afimitiei , 
metallic  oxtcU  would  be  the  results  10  io<»  as  the  tempeiatim  iA  below  that 
isaociation.     As  for  the  noble  metals,  whose  compounds  with  oxygen  am  de- 
poaed  at  elevated  temperatures,  their  great  volatility,  as  compared  wiA  earthy 


metallic  onyds,  would  keep  them  in  the  gaseous  form  till  the  last  stage  of  pte- 
ation  of  earthy  oiydized  matters,  when  by  lar  the  greats  part  of  the  globe 
probably  solidified.      Hence  we  now  find  them  in  the  earth's  snperfidal  Crust, 


ad  dl  being,  as  Mr.  Forbes  would  suppose,  carried  to  the  centre  of  Ae  planet. 
idgii^  from  what  we  know  of  chemical  aJHinities,  and  of  the  proportions  of 
Elonenls  now  existiog  in  the  superficial  parts  of  the  globe,  we  camtot  conceive 
hing  else  Aan  the  prodnction  ci  a  homogeneous  oiydized  sweated  mass,  upon 
i^  at  a  late  period,  would  be  pieci[Htat(d  the  noble  metals.  From  iMi  masa, 
e  yet  liquid,  there  niight  take  place  a  separation  of  various  crystalline  compounds, 
.  process  analogous  to  that  tq*  which  pure  lead  separates  from  Ae  baA  of  Ac 
Dtiferons  alloy  in  Pattisoa's  process,  as  Foumet  has  already  suggested  {Geol. 
■maise,  1S61,  page  J9S).  The  last  congealed  and  lighter  pOTtion  of  our  globe, 
I  which  alone  we  have  to  do,  was,  probably,  a  sort  of  moAer-liquor  from 
dl,  dnring  its  slow  cooling,  compounds  of  vanons  constitution  and  density  may 
.  have  crystalliied.  Id  furnace  operations,  it  is  true,  we  may  obtain,  beside* 
Bled  sla^  a  dense  stratum  of  r^juline  metals,  sniphids  or  arsenids  on  the  one 
1,  and  a  lifter  one  of  saline  solpbates  or  chlorids  on  Ae  oAer.  But  neiAet 
iMte  classes  of  compounds  was  possible  i  ' 
ten  for  reasons  just  given,  and  Ae  saline  cc 

luve  in  my  lecture  set  fbrA  Aat  Ae  earth's  superficial  crust  must  have  been 
|iosed  of  !Hlicales  of  (he  metallic,  earthy  and  alkaline  bases,  surrounded  by  a 
le  acid  atmosphere  of  hydrochloric,  sulphurous  and  carbonic  acids,  besides 
enr  vapor,  nitrogen  and  oxygen.  These  chemical  combinations  are  such  ai 
ibl  naturally  result  from  Ae  sflinities  brought  into  play  at  the  elevated  tempera- 
s  tben  prevailing,  in  virtue  of  which  all  those  elements  capable  of  forming  fixed 
stable  compotmds  wiA  oxygen  would  be  precipitated  as  oxyds.  In  Aese  con- 
Mi,  as  already  said,  00  metallic  sulphids  would  be  formed,  and  the  whole  of 
niphur  would  be  found  as  sulphurous  acid.  In  like  manner  the  production  of 
iline  chloridi  under  stich  conditions,  is  inconceivable,  since  in  Ae  conjoined 


X  of  ox^en,  hydrogen,  and  silicon  or  silica,  an  allnline  silicate  and 


njoined 
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chloric  acid  would  result  Even  if,  as  Mr.  Forbes  supposes,  chlorid  of  sodtiim 
were  to  be  formed  in  the  heated  atmosphere,  it  would  be  precipitated  into  a  batik 
of  fused  silicates,  covered  by  an  intensely  heated  atmosphere  containing  water,  or 
mingled  oxygen  and  hydrogen  gases,  and  would  immediately  undergp  the  same  de- 
composition that  takes  place  when  the  vapors  of  common  salt  are  mfiused  through 
a  potter's  kiln,  or,  as  in  Mr.  Gossage's  new  soda-process,  are  passed  with  steam 
over  red-hot  flints.  In  both  cases  silicates  of  soda  are  fiMmed  with  separation  of 
hydrochloric  acid. 

These  considerations  lead  to  the  conclusion  that  after  all  the  more  fixed  elements 
were  precipitated,  the  whole  of  the  chlorine  would  finally  remain  in  the  partially 
cooled  atmosphere  as  hydrochloric  acid,  and  the  whole  of  the  sulphur  as  sulphurous 
acid,  together  with  a  large  proportion  of  oxygen,  since  we  find  tnis  element  in  the 
form  of  sulphate  and  not  as  sulphite  in  the  sea-waters.  Mr.  Forbes  does  not,  it 
seems,  believe  that  an  excess  of  oxygen  could  exist  in  an  atmosphere  highly  charged 
with  sulphurous  acid ;  and  elsewhere  (in  the  Chemical  Nevfs)^  he  teUs  that  it  is, 
'*if  not  impossible,  at  least  highly  improbable,  that  such  a  heated  atmosphere  con- 
taining sulphurous  acid,  hydrochloric  acid,  with  oxygen  and  aqueous  vapor,  could 
exist,  the  elements  being  in  his  opinion  incompatible.  He  is  aware  that  at  cer^ 
tain  temperatures  sulphurous  acid  and  oxygen  unite,  in  the  presence  of  irater,  to 
form  oil  of  vitriol,  but  he  forgets  that  at  a  higher  temperature  this  conipound  is 
again  resolved  into  water,  sulphurous  acid  and  oxygen  ;  and  that  one  of^the  best 
processes  for  preparing  the  latter  gas  on  a  large  scale  is  by  this  decomposition  of 
sulphuric  acid,  and  the  subsequent  removal  of  the  sulphurous  acid  from  the  cooled 
gaseous  mixture.  In  the  opinion  of  Mr.  Forbes,  as  set  forth  in  the  Chemical  News^ 
the  sulphurous  and  hydrochloric  acids  would  decompose  each  other  in  the  presence 
of  watery  vapour  (though  every  chemist's  experience  teaches  him  the  contrary) ; 
another  reason  for  holding  that  my  supposed  atmosphere  was  impossible.  Un- 
fortunately for  his  opinion^  however,  it  happens  that  large  quantities  of  precisely 
such  an  atmosphere  are  disengaged  from  various  voloinic  vents.  To  cite  one 
among  many  examples  examined  by  Charles  Deville  and  Leblanc  (Ann.  de  Ch.  et 
Phys[3]lii.  pp.  5-63),  sl  funierolU  oiVt&Mw'wxs  yielded  in  June,  1856,  a  mixture  of 
highly  heated  steam,  hydrochloric  acid,  sulphurous  acid  and  air  containing  18.7 
per  cent  of  oxygen.  The  sulphurous  acid  was  equal  to  2.6  per  cent,  of  the  air, 
and  the  amount  of  hydrochloric  acid  was  about  five  times  as  great.  Traces  of 
sulphuric  acid  were  found  in  the  water  condensed  from  this  steam,  doubtless 
formed  by  the  slow  combination  of  the  sulphurous  acid  and  oxygen  ;  and  I  may 
state  for  the  information  of  Mr.  Forbes,  that  it  was  doubtless  by  a  similar  reaction 
that  the  sulphurous  acid  became  eliminated  from  the  primeval  atmosphere.  We 
have  here,  I  may  remark,  an  illustration  of  the  fact  upon  which  I  have  elsewhere 
insisted,  that  volcanoes  reproduce,  on  a  limited  scale,  the  conditions  of  the  primeval 
earth,  not  only  in  their  solid  but  in  their  gaseous  products. 

Mr.  Forbes  next  asserts  that,  according  to  my  view,  *'the  h3rdrochloric  add 
primeval  atmosphere  was  derived  from  the  mutual  re-actions  of  sea-salt,  silica,  and 
in  the  water"  (page  438),  and  then  charges  me  with  the  folly  of  "supposing  the 
pre-existence  of  compound  bodies  in  a  case  where  he  had  previously  informed  us 
that  there  were  only  dissociated  elements  engaged."  Mr.  Forbes  knows  better 
than  this,  or  at  least  did  know  better  when  he  wrote  his  criticism  on  my  lecture  in 
the  Chemical  News  of  Oct.  4,  for  he  here  quotes  my  own  words,  when,  in  describ- 
ing the  cooling  globe,  the  conditions  through  which  it  must  have  passed,  and  the 
amnities  brought  into  play,  I  say  the  products  must  have  been  *^just  what  would 
now  result  if  the  solid  land,  sea,  and  air  were  made  to  react  upon  each  other  uwUr 
the  influence  of  intense  heat"  It  is  so  difficult  to  characterise  properly  such  a  wilful 
perversion  of  an  author's  words  that  I  must  leave  the  task  to  my  readers.  What 
follows  in  Mr.  Forbes's  paper  as  to  chlorids,  etc,  I  have  already  discussed  and 
disposed  of.  The  theory  of  the  constitution  of  the  solid  globe  next  put  forward  by 
Mr.  Foibes,  borrowed  from  Phillips,  Durocher,  and  Von  Waltershausen,  is  also,  as 
I  conceive,  met  by  the  argument  in  the  previous  pages.  When,  however,  he  comes 
to  the  atmosphere  surrounding  his  primitive  globe,  Mr.  Forbes  puts  forward  a 
scheme  which  is  strikingly  original.  He  supposes  around  the  *' solidified  crust,"  a 
dense  vapour  consisting  chieny  of  chlorid  of  sodium,  *' above  this  a  stratum  of 
carbonic  acid  gas,  and  then  of  water  in  the  form  of  steam,  whilst  the  oxygoi  and 
nitrogen  would  be  elevated  still  higher"  (p.  439),  probably,  also^  separated  in  the 
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order  of  their  densities.     In  explanation  of  this  order,  he  tells  us  in  a  note  that  the 
«ne  of  carbonic  acid  gas  would  be  heavier  than  that  of  steam,  and  should,  there- 
fcre,  come  below  it.     But  he  forgot  that  oxygen  and  nitrogen  (or  atmospheric  air) 
are  also  both  heavier  than  steam,  and  should,  consequently,  be  placed  below  the 
noe  of  watery  vapor.     The  specific  gravities  of  carbonic  acid  and  steam  are  re- 
spectively 1.525  and  0.624,  &ir  being  i.ooo.    But,  apart  from  this  absurd  mistake, 
vliat  shall  be  said  to  a  man  who  ignores  completely  the  laws  of  the  diffusion 
of  gases?    Will  Mr.  Forbes  kindly  explain  why,  in  our  present  atmosphere,  the 
tune  elements,  namely,  oxygen,  nitrogen,  carbonic  acid  gas  and  watery  vapour,  are 
coamingled,  instead  of  being,  as  he  would  have  them,  arranged  in  separate  zones? 
I  have  said  in  my  lecture  that  the  first  ocean  waters  would  hold  in  solution  salts 
of  alumina  and  the  heavy  metals,  all  of  which  would  be  precipitated  before  the 
separation  of  carbonate  of  lime  commenced.     In  such  events,  says  Mr.  Forbes, 
**ga}iogis/s,  though  as  yet  unsuccessful  in  doing  so^  might  still  hope  to  find  beds  of 
abtmina  or  of  the  metallic  oxyds  or  carbonates  alluded  to,  in  the  older  strata.     As 
90  beds  o/such  character  are  known  to  occur  in  nature^  he  regards  my  view  with 
distrust     Known  to  Mr.  Forbes  I     Has  he  never  heard  of  beds  of  emery,  which 
are  diiefly  crystalline  alumina,  and  which  occur  in  the  crystalline  limestones  of 
Asia  Minor,  and  in  the  old  crystalline  schists  of  New  England  ?    Is  he  ignorant 
that  the  beds  of  bauxite,  so  abundant  in  the  Mediterranean  basin,  and  used  in  the 
ouuialactare  of  aluminium,  consist  chiefly  of  hydrated  alumina?    To  console  Mr. 
Forbes,  however,  I  will  say  that  I  believe  these  beds  of  emery  and  of  bauxite  to 
lave  been  formed  by  secondary  and  subsequent  reactions,  and  that  we  have  no- 
where exposed  to  view  the  first-deposited  beds,  which  are  everywhere  destroyed  or 
boried  under  more  recent  strata.     When  he  remembers  that  the  oldest  known 
leries  of  rocks,   the  Laurentian,  consists  of  quartzites,  limestones,  and   gneiss, 
eridently  of  sedimentary  origin,  and  derived  from  still  older  sedimentary  rocks,  he 
will  understand  why  he  cannot  hope  to  discover  the  first  deposits  of  alumina  or 
metallic  oxyds.     These,  however,  in  most  cases,  have  doubtless,  by  mechanical 
sub- division,  or  by  solution,  been  subsequently  diffused,  and  enter  into  the  com- 
position of  later  rocks. 

In  a  note  to  this  paragraph,  Mr.  Forbes  inquires  what  became  of  the  sulphurous 
acid  of  the  early  atmosphere  :  as  I  have  already  told  him,  it  doubtless  became 
changed  into  sulphuric  acid  and  passed  into  the  sea.  lie  then  says,  **itmay 
safely  be  asserted  that  there  is  fully  as  much  (if  not  more)  sulphur  than  chlorine" 
in  nature,  and  that  according  to  my  hypothesis  the  sea  would  become  a  solution 
of  sulphate  of  soda.  Very  safely  asserted  indeed,  since  Mr.  Forbes  takes  care  to 
tell  us  that  the  sulphur  in  the  form  of  dense  metallic  sulphids  went  to  the  centre  of 
the  earth,  which  I  have  shown,  I  think,  good  reasons  for  not  believing.  As  it  is, 
we  have  only  to  consider  the  quantities  of  sulphids  and  sulphates  in  the  rocks  and 
waters  to  see  the  absurdity  of  his  remarks. 

He  next  proceeds  to  discuss  the  theory  of  the  origin  of  carbonate  of  lime.  I  have 
said  that  with  the  exception  that  derived  from  the  subserial  decompyosition  of 
primitive  calcareous  silicates,  all  the  carbonate  of  lime  of  the  earth's  surface  has 
been  formed  from  the  decomposition  of  the  soluble  lime-salts  of  the  sea,  by  car- 
bonate of  soda  (and  other  soluble  carbonates).  I,  moreover,  lay  down  the  propo- 
sition that  *' animals  can  only  appropriate  the  carbonate  of  lime  already  formed." 
In  the  face  of  these  quotations,  cited  by  Mr.  Forbes,  he  says,  as  if  charging  me 
with  holding  the  view,  that  if  limestones  were  *'  formed  by  precipitation,  they 
would  have,  from  the  moment  of  their  deposition,  a  decided  crystalline  structure," 
while  "Sorby's  microscopical  researches  prove  satisfactorily  that  all  limestones^ 
from  the  most  ancient  up  to  the  most  recent,  are  solely  formed  of  the  debris  of  organ- 
isms ;"  this  will  probably  be  surprising  news  for  Mr.  Sorby,  and  a  decisive  blow  for 
those  who  question  the  organic  nature  of  Eozoon.  I  am  prepared  to  go  as  far  as  any 
reasonable  man  in  asserting  the  organic  origin  of  limestones,  and  have,  as  every 
one  must  see,  implied  the  intervention  of  organic  life,  when  I  say  *' animals  appro- 
priate the  carbonate  of  lime,  etc"  The  question  is,  however,  whence  comes  the 
carbonate  of  lime  to  supply  the  wants  of  these  animals  ?  Mr.  Forbes  delares  that 
••  zoologists  believe  that  marine  animals  can  utilize  the  other  salts  of  lime  existing 
in  the  ocean,"  evidently  the  sulphate  or  the  chlorid  of  calcium  once  so  abundant 
there.  Will  Mr.  Forbes  or  the  zoologists  explain  what  has  become  of  the  acids 
once  combined  with  the  lime  which  has  built  up  the  thousands  of  feet  of  limestone 
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chiefly  fossilferons,  which  are  found  in  the  earth's  crust?  The  only  plinsible 
chemical  expknation  is  that  which  I  have  j^ven,  namely — that  the  chlorid  of  cal- 
cium has  beisn  decomi>osed  by  carbonate  of  soda  derived  from  decaying  feldspathic 
rocks,  giving  rise  thereby  to  conmion  salt  and  to  the  carbonate  of  liine  whiai  has 
supplied  the  msurine  animals. 

As  regards  the  question  on  the  origin  of  dolomites,  which  Mr.  Forbes  next  pro- 
ceeds to  notice,  he  will  do  well  to  consult  my  paper  on  the  subject  in  the  Ameriaut 
Journal  of  Science  for  July,  1 866  ( [2]  xlii.  49).      In  this,  at  $  1 12,  he  will  see  that, 
apart  from  the  formation  of  stratified  sedimentary  dolomites,  I  insist  upon  the  fre- 
quent  occurrence  of  dolomite  as  a  mineral  of  secondary  deposition,  Uning  drusy 
cavities,  filling  veins,  and  even  the  moulds  of  fossil  shells.     To  such  cases  the 
observations  of  Sorby  may  possibly  refer.    I  can  find  no  other  account  of  his  re- 
searches than  the  brief  note  in  the  Proc.  of  the  Brit.  Assoc,  for  i8$6,  cited  br  Mr. 
Forbes.     Although  I  have  a  great  respect  for  Mr.  Sorby  as  an  investigator,  i  have 
very  little  for  the  old  theory  of  dolomitization  of  sedimentary  limestones.     No  one 
who  has  carefully  studied,  as  I  have  done  for  years,  the  distribution  and  associarinB 
of  the  great  beds  of  dolomite  which  occur  in  the  Lower  Silurian  rocks  of  Canada 
and  New  England,  can  for  a  moment  admit  that  these  are  the  products  of  subse- 
quent alteration.      Repeated  alternation  of  pure  blue  limestones  with  reddidi 
forruginous  dolomites,  interrupted  beds  and  patches  of  these  enclosed  in  the 
former,  the  line  of  demarcation  sharply  drawn,  and  finally  conglomerates  in  which 
pebbles  of  pure  limestone  are  enclosed  in  beds  of  dolomite,  are  incontrovertible 
evidences  against  the  theory  of  the  dolomitization  of  limestones,  and  in  &voar  of  the 
deposition  of  dolomites  as  magnesian  sediments.    (Geol.  of  Canada,  1863,  p.  6it). 
Mr.  Forbes,  in  a  note,  insinuates  that  I  am  unaware  of  the  various  speculations 
and  theories  which  have  been  put  forward  to  explain  the  supposed  origin  of  dolo- 
mite by  alteration.    Although  the  stratigraphical  relations  of  dolomite,  as  described 
above,  completely  contradict  this  hypothesis  of  its  origin,  at  least  in  the  great 
majority  of  cases,  Mr.  Forbes  will  fmd  that  the  observations  and  speculations  of 
Haidinger,  Von  Morlot,  Marignac,  and  others,  on  this  subject  have  been  folly  dis- 
cussed and  made  the  subject  of  multiplied  experiments  by  me  in  a  memoir  published 
in  1859  {Amer.  Joum,  Science,  [2]  xxviiL  1 70,  365),  and  later  in  the  paper  quoted 
above,  and  that  I  have  shown  by  many  experiments  that  the  action  of  sulphate  of 
magnesia  on  carbonate  of  lime,  alluded  to  by  Haidinger  and  Von  Moriot  before 
Harkness  or  Regnault,  does  not  give  rise  to  dolomite,  but  to  carbonate  of  magnesia, 
which  remains  mechanically  intermingled  with  sulphate  of  lime  and  any  excess  of 
carbonate  of  lime. 

Mr.  Forbes  says  that  some  of  the  results  of  my  prolonged  study  of  certain  of  the 
salts  of  lime  and  magnesia,  which  are,  for  the  most  part,  set  forth  in  the  P&pc 
just  referred  to,  were  considered  by  me  to  be  worthy  of  being  presented  to  the  Frach 
Academy  {Comptes  Rcftdus,  April  22,  1867)  although  he  declares  the  reactions 
therein  described,  to  have  been  for  more  than  twenty  years  in  general  application, 
on  a  large  scale  in  Great  Britain  for  the  manufacture  of  magnesia  salts.  Here  it 
becomes  difficult  to  admit  the  plea  of  ignorance  which  suggests  itself  for  most  of 
Mr.  Forbes  previous  errors  and  mis-statements.  I  have,  in  ue  note  to  the  French 
Academy,  above  referred  to,  pointed  out  the  following  facts,  di<«covered  by  my  in- 
vestigations of  the  salts  of  lime  and  magnesia : — 1st  That  bi-carbonate  of  lime^  at 
ordinary  temperatures,  decomposes  solutions  of  sulphate  of  soda  and  ralpbate  of 
magnesia,  with  formation  of  sulphate  of  lime  and  bi-carbonates.  2nd.  That  from 
mingled  solutions  of  sulphate  of  magnesia  and  bi-carbonate  of  lime^  there  sepoimtes 
by  evaporation,  crystalline  gypsum,  and,  subsequently,  a  hydrous  carbonate  of 
magnesia ;  the  bi-carbonate  of  this  base  being,  as  is  well  known,  very  mndi  sore 
soluble  than  either  the  sulphate  or  the  bi-carlx>nate  of  lime.  3rd.  That  this  sepa- 
ration of  gypsum  is  favoured  and  rendered  more  complete  by  an  atmosphere 
impr^;nated  with  carbonic  acid  gas ;  and  4th,  that  mixtures,  in  due  propoitioiis, 
of  precipitated  carbonate  of  lime  and  hydrous  carbonate  of  magnesia,  when  gently 
heated  under  pressure,  and  in  the  presence  of  water,  unite  to  form  iht  aahydrous 
double  carbonate,  dolomite.  These  are  the  reactions  which  I  described  to  die 
French  Academy  as  new,  and  as  forming  the  basis  of  a  reasonable  theorv  of  the 
origin  of  gypsums  and  of  dolomites.  I  now  demand  Mr.  Forties  to  nuJ^e  good 
his  bold  assertions  to  the  contrary,  or  to  show  that  any  one  of  them  has  been 
employed  for  the  last  twenty  years  in  the  manufacture  of  magnesian  salts. 
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Kr.  Forim  Amd  pwcaedt  to  lafiirmiii  tint  *'|]ie  gmid  devdomnent  of  miflie- 

i^Mnai  w-bmtfeiy  adiiMli»  both  TCrtdbntM  aiid  invertrinrnto^  lived  upon  ih» 
fHe<rf'theg|Db&'*  S  Mr.  Forbes  awire  tfait  a  laige  proportioa  of  the  4750  leet 
rfBtMjoac  nwiwitiil  by  Sir  WaiiMn  hogut  in  CaiMtda,  and  comtitttting  the  thioe 
nt  fineifeooe  fttimtioiit  of  tiie  old  Lmreatian  mtcnif  is  mignesian,  and  often, 
■wmpi  fwt  fMflmfise%  a  pare  dotomile ;  that  abuse  part  of  the  Lower  Silurian 
,  tad  neariy  the  whole  of  the  Upper  SJlarian,  from  the  St  Lawrence  to  dw 
~~~'  coMists  of  doloodle^  and  embiaoes  grnt  gjmsnm  beds;  and,  finallf, 
gjpsom  daporiti,  finmd  at  interrds  fipom  Nora  Scotia  to  the  Ohio^ 
of  the  CaroonifiBiOQS 


Be  HAe  base  of  the  CaibonifaxMS  system,  m  which  latter  only  are  icrand  the  iSntf 
iinaMwofair-bnethini^Tertebntfest  ItiidsimroiistopnenJizefnmitheTOologj 
•f  the  Bkiddi  Uands,  or  of  a  small  part  of  Europe.  Moreover,  will  Mr.  Forbes 
rtanpt  to  deflMOBtmte  that  at  the  time  when  Tertiary  ^jpsoms  were  depodted  fa& 
it  fans  bnriai  thae  did  not  yet  remain  soflicient  caibomc  add  in  the  air  to  modi^ 
ih  AcBBdcal  action  on  sohitions  of  bi-caibooate  of  magnesia,  and  give  rise  to  the 
■wckted  dehiilcs,  tHucfa  I  was  the  first  to  discover  and  to  describe  in  that 
ForitioBf 

We  aofw,  hi  the  langnap^  of  Mr.  Foibes,  appraadi  the  question  of  "the  igneous 

«%hi  of  ernptiveroda  and  of  granite  in  particahur.''    I  asserted  in  my  lecture  the 

m»teeoasofnn  of  granite^  maintamhtt  that  "  the  composition  of  the  ftuedcmst 

maid  have  eadnded  free  sflica,"  and  ''that  granite  is  m  every  case  a  rock  of 

mftiiaMaiy  origin,  as  it  indndcs  in  its  composition  quartz,  which,  so  fto-  as  we 

hsow,  can  only  be  generated  by  aqneons  agencies,  and  at  comparatively  low 

IrmpsiaUiiu.*'    Wm  iward  to  ue  first  of  these  statements,  it  is  to  be  observed 

that  the  primitive  crust,  holding  as  we  have  seen,  in  the  form  of  silicates,  all  the 

Rida,  fimc^  aad  magnesia  wfai£  now  appear  in  other  combinations,  most  have 

keen  a  highly  basic  rock ;  moreover,  even  were  it  much  richer  in  sUka  than  we 

can  suppose  it  to  have  been,  there  is  no  reason  to  believe  that  free  silica,  in  the 

ban.  of  quartz,  ever  did  or  ever  could  crystallize  from  a  fused  slag,  such  as  this 

primitive  rock  must  have  been.     Quartz,  in  the  shape  of  rock-crysbd,  or  flint,  when 

rased,  or  even  ndien  long  exposed  to  a  heat  mudi  below  its  melting  point,  is 

changed  into  an  isomeric  modification  of  silica,  analogous  to,  if  not  identical  with 

opal,  and  distinguished  from  quartz  by  a  much  less  specific  gravity  (about  2*2 

ittstod  of  2*65),  the  absence  of  crystalline  structure,  and  a  much  greater  solubility 

in  alkalies,  and  hydrofluoric  add.     Silica  crystallized  in  the  form  of  quartz  has, 

it  is  true,  been  repeatedly  obtained   by  different  reactions,   but  never  hitherto 

except  in  the  presence  of*^  heated  water  or  of  watery  vapour.     Heinrich  Rose,  to 

whom  we  are  mdebted  for  a  carefid  study  of  this  subject,  records,  that  Gustaf 

RoK,  having  submitted  to  partial  fusion  a  CTanite  rich  in  quartz,  obtained  a  glass, 

or  obsidian,  in  which  were  endosed  unmeited  portions  of  the  quartz,  converted, 

however,  into  the  less  dense  and  more  soluble  opal-like  form.    These  facts  in  the 

history  of  silica  were  regarded  by  H.  Rose  as  aedsive  against  the  notion  of  the 

igneous  origin  of  granite,  which  he  condudes  to  be  incompatible  with  the  actual 

state  of  our  chemical  knowledge.     His  paper  on  this  subject,  which  should  be  read 

by  every  geologist,  appeared  in  Poggendon's  AnnaUn  for  September,  1859,  and  a 

caiefid  abstract  of  it  will  be  found  in  the  Z.  E.  and  D,  Philos.  Mag.  for  January, 

1S60  [4]  xiz.  32).     The  new  view  of  the  origin  of  granite,  which  is  there  dted,  as 

maintained  *'  particularly  by  Mr.  Sterry  Hunt,"  is,  mat  all  granite  rocks  are  derived 

from  the  alteration  of  sedunents,  containing,  besides  fddspathic  or  argillaceous 

eicments,  quartz,  derived,  as  I  have  explained,  from  the  action  of  add  solutions 

at  high  temperatures  on  &e  primitive  crust  of  sUicates. 

Tm  geoloeical  evidences  are  multiplied,  that  gneiss,  which  does  not  differ 
mineralogicauy  firom  granite,  and  in  its  coarser  varieties  is  constantly  confounded 
wiA  it,  is  the  result  of  the  alteration  in  sUA  of  sedimentary  rocks  consisting  of 

Siartz  with  feldspathic  or  argillaceous  matters^  the  debris  of  pre-existing  rocks. 
oreover,  it  is  oemonstrable  that  these  stratified  sediments  have  been  softened, 
and  while  in  such  a  condition  displaced  or  extravasated,  and  have  thus  taken  the 
form  of  exotic  or  eruptive  rocks.  Having  by  this  or  other  means  lost  the  mechanical 
evidences  of  their  former  stratified  condition,  they  are  called  granites.  The  same 
view  is,  according  to  me,  applicable  to  dolerites,  diorites,  and  trachytes.  Modem 
lavas  have  no  qI(Sxx  origin,  but  take  a  diffierent  form,  because  they  come  to  the  sur* 
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fiice,  and  are  rapidly  cooled,  instead  of  being  sloiwly  solidified  under  the  pressare 
of  superincumbent  strata.  The  iaxX  that  ereiy  eruptive  or  exotic  rock  (with  the 
exception  of  certain  rapidly  cooled  lavas)  has  its  mineral(^cal  equivalent  among 
indigenous  crystalline  rocks,  Uiat  is  to  say  among  sedimentary  strata  of  chemicu 
or  mechanical  origin,  is  a  powerful  argument  in  support  of  the  view  here  jnit  for- 
ward. In  connection  with  this,  I  have  shown  that  a  combination  of  chenncal  and 
mechanical  agencies  naturally  and  inevitably  leads  to  the  division  of  acmeons  setU- 
ments  into  the  two  great  types  to  which  lithologists  refer  all  eruptive  rocks,  namely, 
the  acid,  granitic  or  trach^ic  and  the  basic,  doleritic  ^joups,  which  are  supposed 
to  form  the  two  zones  of  igneous  rock  imagined  by  Phillips,  and  since  insisted  upon 
by  Durocher,  Bunsen,  and  Forbes.  As  all  of  these  crystalline  rocks  are,  according 
to  my  hypothesis,  ancient  sediments,  it  follows  that  water  has  been  present  among 
them  from  their  first  deposition,  and  during  all  the  subsequent  processes  of  their 
heating,  softening,  crystallization,  and  ejection, — a  view  constantly  insisted  upon  by 
me,  and  in  acconiance  vrith  the  ideas  maintained  by  Scheerer  and  subsequently  by 
Sorby.  This  theory  of  igneous  rocks,  although  suggested  by  Keferstein  in  1834* 
and  by  Sir  J.  F.  W.  Her^el  in  1837,  has  been  elaborated  by  me  in  various  papers 
for  the  past  ten  years. 

See  Theory  of  Igneous  Rocks  and  Volcanos,  Canadian  yaumaJ,  March,  1858 ; 
Some  Points  in  Chemical  Geology,  Quart.  Jaum.  Geol.  Soc,,  'S<yr.  1859  ;  Chemistry 
of  the  Earth,  Comptes  Rendus^jrsxn^  9th,  1862  ;  Chemistry  of  Metamorphic  Rocks, 
Dublin  Qua  ft.  Journ.j  July,  1 863  ;  Contributions  to  Lithology,  Part  I,  American 
Joum.  Sirifncf,  March,  1S64. 

In  view,  then,  of  my  theory  of  the  derived  and  sedimentary  origin  of  all  eruptive 
rocks,  what  does  Mr.  Forbes  mean  when  he  inquires  whether  I  am  aware  of  the 
immense  masses  **  of  volcanic  rocks  (trachytes)  scattered  all  over  the  face  of  the 
globe,  which  contain  abundance  of  free  quartz"  ?  If  he  will  refer  to  my  Contribu* 
tions  to  Lithology,  just  cited,  he  will  find  that  I  have  insisted  upon  the  presence 
of  quartz  in  tracTi>'tes,  and  also  upon  the  fsucX  that  such  trachytes  pass  into  granites, 
from  which  they  differ  only  in  structure  {American  Joum.  Science  [2]  xxxviL  260). 
The  obvious  conclusion  to  be  drawn  from  the  presence  of  quartz  in  granites  and 
trachytes  is,  that  neither  during  nor  subsequent  to  crystallization  have  these  rocks 
been  subjected  to  a  temperature  sufiiciently  elevated  to  alter  the  quartz  in  the 
manner  observed  by  Rose.  In  the  paper  last  cited,  I  have  devoted  two  pages  to 
an  analysis  of  the  beautiful  researches  of  Sorby  on  the  microscopic  structure  of 
crystals,  about  which  Mr.  Forbes  talks,  though  evidently  without  any  conception 
of  their  geological  bearing.  Mr.  Sorby,  (who  makes  of  the  cavities  partially  filled 
with  watery  solutions,  which  occur  in  many  crystals,  thermometers  which  registered 
the  temperature  at  which  these  crystals  were  formed.)  concludes  that  the  quartz, 
mica,  feldspar,  and  tin -stone  of  the  Cornish  veins  **vrere  deposited  from  water 
holding  various  salts  and  acids,  at  temperatures  varying  from  200**  centimde  to  a 
low  red  heat, "about  340'' ;  while,  for  some  minerals  from  Vesuvius,  whidi  present, 
besides  cavities  holding  liquids,  others  filled  with  stony  and  glassy  matters,  he 
deduces  a  temperature  of  from  360"  to  380°,  and  concludes  them  to  have  been 
formed  **at  a  dull  red  heat,  under  a  pressure  of  several  thousand  feet  of  rock, 
when  water,  containing  a  large  quantity  of  alkaline  salts  in  solution,  vras  present, 
along  with  melted  rock  and  various  gases  and  vapors.  I  therefore  think,"  he  says, 
**  we  must  conclude  provisionally,  that  at  a  great  depth  from  the  surface,  at  the  foci 
of  volcanic  activity,  liquid  water  is  present  along  with  the  melted  rocks,  and  that 
it  produces  results  which  would  not  otherwise  occur."  {Quart.  Joum.  Geol.  Soc. 
xiv.  483).  One  of  those  results,  as  is  evident  from  the  above  citation,  is  the  reduc- 
ing of  rocky  matters  to  a  melted  condition  at  a  dull  red  heat^  a  point  to  be  borne  in 
mind  when  Mr.  Sorby  speaks  in  his  paper  of  igneous  fusion  in  this  connectioiL  A 
true  igneous  fusion  of  such  matters,  without  water^  would,  as  every  one  knows, 
require  a  vastly  higher  temperature ;  and  I  have  elsewhere,  aher  Scheerer,  described 
this  softening  of  mineral  matters  under  the  combined  influences  of  water  and  heat, 
as  an  igneous  fusion. 

Mr.  Sorby  has,  moreover,  calculated  the  temperature  at  which  the  quartz  crystals 
in  the  trachyte  of  the  Ponza  Islands,  cited  by  Forbes,  were  formed,  and  finds  it  to 
be  360°,  they  being,  in  fact,  generated  under  like  conditions  with  those  of  the 
quartz  of  granite  veins,  from  which  Mr.  Sorby  rightly  concludes  to  a  similarity  of 
origin  between  trachytes  and  granites.   That  both  have  crystallized  at  temperatures 
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not  above  dull  rednesi,  under  great  pressure,  and  in  the  presence  of  water,  is  pre- 
cuely  what  I  have  alwi^ys  maintained.  When  it  is  remembered  that  copper,  gold, 
and  silver  require  for  fusion  from  1000°  to'  1400°,  and  quartz  a  temperature  of 
2800%  it  may  not  be  thought  incorrect  for  me  to  designate  360  "*,  the  highest 
asogned  by  Mr.  Sorby  for  the  crystallization  of  quartz,  as  a  **  comparatively  low 
temperature/'  to  which  expression,  however,  Mr.  Forbes  takes  exception.  Mr. 
Sorby  further  concludes  from  his  investigations  of  crystalline  metamorphic  schists, 
that  they  must  have  crystallized  at  about  the  same  temperature  as  the  granites, 
afibiding,  in  his  words,  "a strong  argument  in  favour  of  the  supposition  that  the 
temperature  concerned  in  the  normal  metamorphism  of  gneissoid  rocks,  was  due  to 
their  having  been  at  a  sufficiently  great  depth  under  superincumbent  strata." 

The  reader  may  now  judge  how  far  the  views  of  Mr.  Sorby,  whom  Mr.  Forbes 
invokes,  differ  from  my  own  on  the  subject  of  metamorphic  rocks,  of  which  I  say 
in  my  lecture,  as  quoted  by  Mr.  Forbes,  that  they  have  been  formed  from  ordinary 
sedimentary  strata,  "  depressed  so  that  they  come  within  the  action  of  the  earth's 
central  heat,"  a  proposition  which  our  critic  thinks  "may  be  disputed."  What 
theory  he  substitutes,  he  does  not  deign  to  inform  us,  but  proceeds  to  ask  how  I 
explain  the  depression  of  strata  on  the  surface  of  a  globe  with  a  solid  centre. 
Both  in  my  lecture  and  in  the  papers  already  cited,  I  have  taken  pains  to  explain 
that  the  deeply  buried  layers  of  sediment,  together  with  the  superficial  and  water- 
impregnated  portions  of  the  solid  nucleus,  constitute  a  softened  or  plastic  zone^ 
Irom  which  all  plutonic  and  volcanic  rocks  proceed,  and  which  allows  of  the  move- 
ments observed  in  the  solid  crust.  Is  Mr.  Forbes  aware  that  geology  affords 
many  examples  of  depression  of  the  earth's  surface  over  great  areas,  permitting 
accumulations  of  sediments,  to  the  extent  of  40,000  feet  or  more,  followed  by  ele- 
vation of  the  yielding  crust  and  denudation  to  as  great  an  amount  ? 

I  here  take  occasion  to  call  attention  to  an  important  consideration  in  connection 
with  this,  deducible  from  Mr.  Sorby's  admirable  Bakerian  lecture  before  the  Royal 
Society,  in  1863,  on  the  Direct  Correlation  of  Mechanical  and  Chemical  Forces, 
in  which  he  shows  how  chemical  action  is  produced  by  mechanical  force.  Stating 
from  a  consideration  of  the  results  of  Bimsen  and  Hopkins  that  those  bodies  which 
expand  when  fused  have  their  point  of  fusion  raised  by  mechanical  pressure,  and 
fix)m  the  discovery  of  Sir  Wm.  Thompson  that  water,  which  contracts  in  melting, 
has,  on  the  contrary,  its  melting  point  lowered  by  pressure,  we  may  say  that  as  the 
solution  of  a  solid  in  a  liquid  is  a  kind  of  fusion,  the  same  general  law  will  hold 
good,  and  that,  for  all  those  salts  which  contract  in  dissolving  (to  which  rule  there 
arc  very  few  exceptions),  the  solubility  should  be  increased  by  pressure.  This  was 
abundantly  established  by  the  experiments  of  Mr.  Sorby.  If,  now,  we  suppose 
that  the  mineral  compounds  of  the  crystalline  rocks,  like  most  salts,  occupy  a  less 
bulk  when  dissolved  that  when  in  the  solid  state,  we  can  understand  the  greatly  in- 
creased solvent  power  of  the  water  present  in  sediments  submitted  to  a  pressure 
equal  to  many  thousand  feet  of  rock.  Moreover,  as  suggested  to  me  by  Sir  Wm. 
Logan,  the  diminution  of  solvent  power  of  the  liquid  as  the  pressure  is  removed, 
will  help  to  explain  the  deposition  of  mineral  matters  from  watery  solutions,  which 
in  their  upward  flow  through  fissures  in  the  earth's  crust  have  given  rise  to  mineral 
veins. 

But  Mr.  Forbes,  afler  considering  the  conclusion  of  Sorby  that  water  has  played 
an  essential  part  in  the  crystallization  and  softening  of  rocks,  which  have  been 
effected  at  temperatures  not  above  low  redness,  charges  me  with  "sensation" 
writing  in  asserting  that  the  plutonists  claimed  that  igneous  rocks  were  formed 
•'entirely by  fire,"  and  accuses  me  of  injustice  to  the  memories  of  Ilutton,  Play- 
fair,  Hall,  Humboldt,  and  Von  Buch,  whose  writings  "  show  that  they  never 
overlooked  the  all-important  influence  of  water."  Now  I  mentioned  none  of  these 
geologists  in  my  lecture.  As  to  Hutton,  to  whom  belongs,  I  believe,  the  idea  of 
the  metamorphic  origin  of  the  crystalline  schists,  I  have  elsewhere  written  (Dublin 
Quart,  youtn.,  July,  1863),  "I  accept  in  the  widest  sense  the  view  of  Hutton  and 
Boue  that  all  the  crystalline  stratified  rocks  have  been  produced  by  the  alteration 
of  mechanical  and  chemical  sediments."  The  question  before  us  is,  however, 
neither  the  views  of  Hutton  nor  yet  the  origin  of  metamorphic  rocks,  but  what 
both  he  and  modem  plutonists  hold  with  regard  to  the  origin  of  granite,  whose 
derivation  from  metamorphosed  sediments  neither  he  nor  they  admit.  With  regard 
10  this  point  Mr.  Forbes  elegantly  says,  "  the  idea  of  dry  fusion  could  only  have 
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originated  in  the  brains  of  their  antagonists."  Farther,  in  a  note  to  a  paper  on  tb 
Microscope  in  Geology,  in  the  Popular  Science  Review  for  October,  he  says,  wit 
eqoal  good  taste  and  truth,  "  the  idea  of  a  true  dry  fusion  in  nature  exists  only  i 
the  brains  of  the  ultra-neptunists  or  the  luke-wann  hydrothermalist,"  and  assert 
that  in  igneous  action  the  agency  of  water  was  always  recognized.  He  alludes  t 
Poulett  Scrope,  who  in  1824  put  forth  his  views  on  the  intervention  of  water  i 
giving  liquidity  to  lavas  ;  but  as  Mr.  Scrope  himself  tells  us  in  his  late  pap< 
{Quart.  Journ,  Geol,  Soc.  xii.  343),  his  views  were  declared  to  be  unchemica 
discredited,  and  ridiculed ;  nor  was  it  till  in  1847,  when  Scheerer  published  hi 
remarkable  essay  on  the  origin  of  granites,  {But.  Geol.  Soc.  Fr.  [2]  iv.  468^)  thi 
lithologists  began  to  admit  that  water  had  intervened  in  the  generation  of  granit 
and  other  eruptive  rocks.  But  our  readers  shall  judge  what  value  is  to  be  attache 
to  Mr.  Forbes  s  assertions  in  this  matter.  After  Schecrer's  view  of  aqueo-igneoi 
liquidity  had  been  made  known  to  the  Geological  Society  of  France,  Durocher,  a 
the  champion  of  the  plutonists,  maintained  in  opposition  to  it,  the  hypothesi 
already  referred  to  of  a  separation  of  the  liquid  globe  into  two  layers,  the  low< 
one  heavier  and  basic,  the  upper  lighter  and  acid,  which  by  its  solidificatio 
gave  rise  to  granite.  While  he  declared  that  **  Scheerer* s  new  theory  has  for  i 
principle  the  introduction  of  water  in  the  solidification  of  eranite  rocks,"  Duroch< 
conceived  all  the  water  found  in  eruptive  rocks  toliave  been  subsequent] 
absorbed  by  them  {Bui.  Soc.  Geol.  [2]  iv.  1029,  1032).  Rivi^re^  following  a  secon 
communication  by  Durocher  on  the  same  subject,  declares,  "I  think  wit 
Durocher,  that  water  has  played  no  part  (n^a  joue  aucun  rdle)  in  the  fot  motion . 
granite,*^  and  as  to  therodcs  considered  by  Scheerer  (granites,  etc),  he  asserts  ^'  tt 
geological  position  of  these  absolutely  excludes  the  intervention^^  of  water  (Ibid,  [: 
vii.  287).  I  might  further  quote  Foumet,  who  in  his  Ghlogie  Lyonnaise^  strong! 
maintains  similar  views  to  the  above,  and  invokes  in  favour  of  his  purely  igneoi 
theory  the  results  and  the  statements  of  Hutton  and  HalL  Lest,  however,  the 
should  be  any  mistake,  and  that  the  advocates  of  dry  fusion,  Durocher,  Rivi^ 
and  Foumet,  be,  after  all,  ultra-neptunists,  I  shall  cite  Elie  de  Beaumont,  who  ; 
his  classic  essay  on  Volcanic  Emanations,  etc.,  (published  in  1847,)  Bui.  Ga 
Soc.  Fr.  [2]  iv.  1249,  h^  admirably  discussed  the  question  before  us,  giving  tl 
views  of  Foumet  and  Durocher,  the  former  of  whom  explains  the  liquidity  of  grani 
by  a  surfusion  of  the  quartz,  which  melts  at  2800"  centigrade,  but  remains  viscid 
much  lower  temperatures  on  cooling  ;  while  Durocher,  on  the  contrary,  imagin 
**  a  sort  of  fusible  alloy"  of  the  various  elements,  from  which  the  feldspar  and  mi< 
crystallized.  Rejecting  these,  which  he  designates  as  ^^ purely  igneous  sur/usion^ 
he  declares  in  favour  ot  Scheerer*s  ** altogether  novel  idea^"  of  a  condition  of  quas 
fluidity  at  a  low  red  heat,  due  to  the  intervention  of  water,  and  asserts  that  "  tl 
h3rpothesis  of  a  primitive  state  of  simple  i^yteous  fusion  of  granite,  notwithstandix 
the  evidences  brought  forward  in  its  favour,  is  no  longer  justified"  (loc.  cit.  p 
1305,  131 1 ).  It  is  in  the  face  of  records  like  these,  and  despite  the  energetic  pr 
test  of  plutonbts  against  the  possibility  of  the  intervention  of  water,  and  in  favoi 
of  a  dry  fusion  or  a  simply  igneous  fusion  of  the  elements  of  granite,  that  M 
Forbes  has  the  hardihood  to  assert  that  the  intervention  of  water  in  igneous  agent 
**  was  always  recognized  by  the  plutonist" 

But  I  have  not  done  with  Mr.  Forbes  until  he  shall  have  shown  how,  with  h 
own  theory  of  the  earth,  he  explains  the  intervention  of  water  in  all  igneoi 
rocks,  which,  as  he  declares,  are  outbursts  from  the  still  fluid  interior  of  our  glob 
How  did  the  water  find  its  way  there,  since,  according  to  him,  far  above  tl 
already  solidified  crust,  this  element  at  first  formed  a  vaporous  layer,  separaU 
fix}m  the  earth  by  a  stratum  of  volatile  chlorids  and  another  of  carbonic  add  gas 
In  virtue  of  what  law  did  this  water,  after  its  precipitation,  diffuse  itself  througl 
out  the  various  layers  of  the  liquid  mass  which  still  fills  the  centre  of  the  earth,  i 
as  to  be  present  in  every  emptive  rock  coming  up  from  that  great  reservoir  T  F* 
my  part,  I  am  inclined  to  say  with  Riviere,  that  the  geological  position  of  siM 
matters  must  "absolutely  exclude  the  intervention  of  water;"  and  until  M 
Forbes,  or  some  other  plutonist,  shall  have  given  a  plausible  hypothesis  to  expla 
the  fact,  which  he  admits,  of  the  universal  difiusion  of  water  m  igneous  rocks, 
prefer  mv  own  theory  of  their  origin,  namely,  that  the  anhydrous  and  incandc 
cent  nucleus  of  the  globe  is  sohd,  and,  except  in  its  outer  portions,  takes  no  pa 
in  volcanic  or  plutonic  phenomena,  which  have  their  origin  entirely  in  the  stratifi< 
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_  dcporit%  and  in  thole  waipa&atl  poftioM  of  the  uncleiis  wtudi  woe 
^  pcBBMftledy  dniii^  fbMfr  putial  oooong  and  ooiiMq)Miit  coiitnicdont  by 


One  ipoid  in  condnpon :  Mr.  Fotbeii  wlio  prides  bimeelf  on  his  pett  oppor- 
iHBlies  of  tMwn^  and  on  his  jpolociosl  stodies  in  ▼arions  zegions,  ducouiteoiisly 
tnntB  Me  with  mj  own  noie  Imiited  field  of  intestigation.  Let  me  USI  him  in 
Rslf ,  that  if  the  time  papcis  wliich  lie  published  in  October  last  show  anr  one 
'^ deaiiT  Aan  his    -' -"   *^       -   —  -  - — —-    -  •-  -- 

the  Acts 


of  the  Acts  of 
wte  asyiqK  of  Thomas  A 
**ttDse  wnomahe  aaay  pi]pinui|^  larelf  beeome  saints." 

JmiHtifWQif  DtCtHtbtT^  Io07b 


n. — ^DnaumoH  or  two  hsw  apbouhi  ov  Stbioklandzhxa. 
%  X.  BnAnwi^  F.aJEL,  PstooptologMt  to  the  Geological  Surrey  of  Canada. 

(PLATE  IV.) 

rihe  ''Oaiuidian  Nntoialist  and  Geologist,"  t^I.  It.  p.  184 
fin.  8-9  (1869),  I  figured  a  small  specimen  of  a  speoies  of 
AridbttnuiNNa  under  the  name  of  A  lena;  but,  at  the  same  time» 
^tsted  that  I  was  not  certain  whether  it  was  the  true  &  lena  or  a 
'Ninety.  It  was  more  pdnted  in  front  than  any  of  the  English 
^lecimens  I  had  seen.  It  had  been  collected  in  the  Middle  Silurian 
^ocks  on  the  Island  of  Antioosti,  along  with  numerous  other  speci- 
mens, most  of  them  in  a  fragmentary  oonditiion.  Among  these  I 
tbonght  that  &  UraXa  could  also  be  identified ;  and  thus  both  of  the 
British  species  have  been  cited  in  several  of  the  publications  of  our 
Snrvey. 

Through  the  kindness  of  the  author  I  received,  several  months' 
ago,  "Part  2"  of  Mr.  Davidson's  "Monograph  of  the  British 
SUurian  Brachiopoda."  The  clear  descriptions  and  beautiful  illus- 
trations of  this  magnificent  work  at  once  enabled  mo  to  perceive 
that  we  have  not  (so  &r  as  is  yet  known)  either  of  the  two  species 
above  mentioned.  What  I  supposed  to  be  S.  Uraia,  is  the  adult  of 
the  form  figured  by  me  as  £f.  {en«.  The  young  and  small  individuals 
are  smooth;  but  with  increasing  size  and  age  they  become  more  and 
more  strcmgly  ribbed. 

While  re-exanuning  the  whole  collection,  with  a  view  to  this 
paper,  I  broke  up  several  pieces  of  limestone,  which  were  almost 
entircJy  composed  of  the  imperfect  and  detached  valves  of  another 
species,  and  succeeded  in  getting  out  several  specimens,  sufficiently 
perfect  to  authorize  a  description.  We  have  thus  two  new  species ; 
and,  as  the  error  with  regard  to  S.  Uroia  and  S.  {en«  has  been 
transferred  from  my  publications  into  several  important  English 
works,  it  is  thought  advisable  to  describe  them  in  the  Geolooioal 
Magazihx  at  once,  without  waiting  for  my  next  report,  which  cannot 
be  issued  for  several  months. 

Stricklandinia  DavidaofUi,  sp.  n. — Plate  lY.  Figs.  1-ld. 

Spec,  Char, — Shell  longitudinally  oyate;  rides  and  cardinal  extremity  rounded; 
front  usually  with  a  linguiform  extenrion  about  one-third  of  the  whole  width,  and  of 
Tariable  length,  Bometimea  simply  narrowed  from  the  mid-length  to  a  rounded  point; 
greatest  width  about  tha  middle,  or  a  little  aboTe.    The  yalTes  are  almost  equally 
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ccnrex.  The  Tentnl  ndre  has,  in  Tonmg  indiTidpali,  an  ohacure  menal  nuns,  which 
becomei  ohsolete  with  m ;  towaru  the  firont  this  sinus  often  gives  place  to  a  well- 
dereloped  fold.  Some  of  the  large  indiridiulfl  hare  neither  rold  nor  sinus  in  this 
TslTe.  The  donal  ralTe  asnallj  exhibits  a  fold,  which  becomes  mdoallj  broader 
from  the  beak  to  the  front,  w&ere  its  width  is  eqnal  to  that  of  the  tongue-like 
pnriection.  The  nmbones  and  beaks  are  so  slightly  dereloped  as  to  give  only  a  yery 
moaerate  angulation  to  the  cardinal  extremity.  The  hinge-line  is  about  one-third 
or  one-fourth  of  the  whole  width,  and  the  areas  are,  in  general,  concealed  by  the 
dote  approximation  of  the  beaks  when  the  ralTes  are  in  place;  but  in  aqMrated 
ralTes  the  Tentral  area  is  well  seen :  that  of  the  dorsal  Talye  is  linear,  in  the 
intmor  of  the  Tentral  ralre  the  mesial  septum  extends  only  four  lines  firom  the  beak 
in  a  specimen  thirtr  lines  in  length ;  the  triangular  chamber  is  apparentljr  two  lines 
in  length.  In  the  dorsal  Talre  the  socket  plates  are  Terr  short,  and  not  united :  they 
hare,  as  yet,  only  been  seen  b^  srinding  down  the  beak.  The  small  specimens  are 
smooth,  or  only  exhibit  faint  indications  of  ribs ;  but  as  the  shell  increases  in  sin 
the  ribs  become  stronger,  although  in  some  of  the  larger  (as  in  the  one  figured)  they 
are  not  rery  distinct.  In  general  there  are  three  or  tour  ribs  running  straight  from 
the  beak  to  the  front ;  but  on  each  side  of  these  the^  cunre  outwaras  to  tne  sides. 
The  ribs  are  rounded,  and  there  are  from  three  to  five  m  the  width  of  three^  lines  at 
the  margin.    There  are  also  fine  concentric  wrinkles,  not,  howerer,  always  risible. 

Length  of  large  individuals,  three  inches ;  width,  varying  fri>m  nearly  eqpal  to 
one-fifth  less  than  the  length.  They  occur  of  all  sises  from  a  length  of  three- 
fourths  of  an  inch  to  three  inches. 

Obs, — Stricldandima  Bavidsonti  differs  from  S.  Um,  in  being  more 
narrowed  in  front,  more  strongly  ribbed,  and  in  having  the  area 
concealed  when  the  two  valves  are  in  their  natural  position.  Not- 
withstanding the  variable  form  of  the  shell,  there  are  none,  in  a 
collection  of  nearly  a  hundred  specimens,  that  could  be  considered 
specifically  identical  with  any  of  those  figured  by  Mr.  Davidson  in 
the  *'  Monograph,"  pi.  xix.  figs.  14:-21.  But  there  is  a  dorsal  valve 
from  the  Niagara  limestone  of  Cabot^s  Head,  Lake  Huron,  exceedingly 
like  fig.  13.  It  is,  however,  quite  distinct  from  S.  Davidaoniif  and  I 
think  from  S.  lens  also. 

As  before  stated  the  large  individuals  often  have  the  ribs  strongly 
developed,  and  curved  out  to  the  sides.  They  thus  closely  resemble 
the  figure  of  S.  lirata  in  "  Sil.  Syst.,"  pi.  xxii,  fig.  6.  Indeed,  I 
could  very  nearly  re-produce  that  figure  from  some  of  our  broken 
specimens.  It  is  these  that  I  thought  could  be  identified  with 
S.  lirata.  The  small  smooth  ones  I  supposed  to  be  S.  len&;  but, 
after  seeing  Mr.  Davidson's  figures,  I  re-examined  the  whole  col- 
lection, and  foimd  that  there  is  a  gradual  passage  from  the  smooth 
to  the  strongly  ribbed.  The  specimen  figured  (figs.  1-lc)  is  about 
as  perfect  as  a  fossil  can  be,  and  is  a  good  example  of  an  intermediate 
form. 

Position  and  locality, — ^This  species  occurs  at  a  number  of  localitieB 
around  the  coast  of  the  Island  of  Anticosti,  firom  Jupiter  river  to 
East  Point  It  is  most  abundant  at  South-west  Point,  where  the 
specimen  figured  was  collected.  It  is  associated  with  Strophomena 
rhomboidalisy  S,  pecten,  S,  antiquata^  Leptcena  transversalis,  Orihis 
Davidsoni,  Pentamerus  oblongus,  Spirifera  plicateUoy  LepioccsUa 
{Atrypa)  hemispherica,  Atrypa  reticularis^  and  many  others,  mostly 
new  species.  The  rocks  belong  to  the  Anticosti  group,  division  3, 
a  horizon  which  is  very  nearly,  if  not  exactly,  that  of  tlie  Upper 
Llandovery  rocks.     It  also  abounds  on  the  mainland  at  the  Schick- 
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flohook  moantuiifly  on  ilie  aoidih  Bide  of  the  St  Lawienoe,  about  250 
milBB  easterly  firoiii  Qnebeo.  I  have  never  aeen  a  Bpedmen  from 
ai^  other  pert  of  Amerioa. 

StriMniiima  SaUem,  sp.  n.— Plato  lY.  Figs.  2-20. 

4pmb.  Ckmr, — SEbdl  tnovyenelj  oral ;  width  greater  tlum  the  length;  ndei  and 
ftoet  emlljr  roimdedy  but  often  with  an  ohecnre  Ungniibnn  extenaion.  Hinge-Una 
aaariy  aa  wide  aa  the  aheOy  atnight  and  a  IMe  ak^ping  on  each  side  of  the  oeaka. 
BoCk  TaHea  are  gentljr  lad  nnilimnljr  conrez.  The  Yentral  TalTe  has  often  a  hardy 
jieiMptihia  nuaial  uiiia;  the  umbo  imall;  the  beak  not  incmred;  the  area  rtrj 
nanowy  aeareelj  exceeding  the  tfaichneM  of  the  ihell;  the  foramen  (as  teen  in 
datoched  ftiamenta)  triangular  and  open  to  the  beak ;  the  imall  chamber  at  the  beak 
alBoat  naeOjr  like  that  of  8.  Iemtm,  and  8.  MteroMWMnMy  aa  fl^^ored  by  Sowerby, 
M*Co¥,  and  Datidaon.  The  donal  Talre  aometimea  gires  indications  of  an  obaoon 
waaial  fold ;  bnt,  in  general,  it  la  muformly  conrex.  I  hare  not  aeen  the  area  of 
dda  vaWe,  bat  it  must  be  linear^  there  ia  no  nmbo.  Snr&ce  with  aeTeral  concentiio 
iadifieatioBa  of  growth,  and  with  Tery  narrow  obaeore  ribs,  three  or  four  in  two 
ttaaay  curfing  uutwarda  to  the  aidea,  and  some  of  them  upwards  to  the  hinge-line. 
Theaa  are  aJao  croaaed  bj  fine  concentiio  wrinklea.  When  tiie  qpedmena  an 
ifislitlj  exfoliated  all  the  snrfoce-characten  disappear. 

liength  of  the  lai^^est  specinien  seen,  twentj-flTc  lines ;  greatest  width  of  the 
sane,  at  about  the  nod-length,  thirtj-three  linea.  Some  of  the  specimens  indicate  a 
gw  ter  proportional  lengUi. 

Oba. — ^There  is  no  other  known  spedes  with  which  this  need  be 
compered  except  8.  IcBfris,  Sowerby,  as  described  by  M'Coy,  under 
the  name  of  PeniameruB  nderoeamerua  (Brit  PaL  Foss.,  p.  210). 
The  width  of  that  species,  in  proportion  to  the  length,  is  stated  to 
be  as  fifty-five  is  to  one  hondred,  whereas  in  this  it  is,  on  an  average, 
abont  eighty  to  one  hundred.  This  great  difference  in  proportions 
rarely  occurs  in  the  same  species.  Messrs.  Davidson  and  Salter  are 
of  opinion  that  McCoy's  P.  microcamerua  is  identical  with  S.  lens. 
Be  that  as  it  may,  tiie  figure  of  S.  Icstna,  given  by  Sowerby  in 
"  Sil.  Syst,"  pi.  xxi.  fig.  21,  seems  to  be  distinct  from  S.  lens,  and 
also  from  S,  ScdteriL  He  says  {Op  ciL,  p.  638),  "Semicircular, 
compressed,  smooth ;  a  slight  elevation  along  the  middle ;  beaks 
rather  prominent,  the  area  between  them  narrow,  with  parallel 
edges.  Length,  eight  lines;  width,  twice  as  much."  The  words 
"  elevation  along  the  middle  "  could  only  apply  to  the  dorsal  valves 
of  8.  lens  and  8.  ktvis,  in  neither  of  which  can  the  dorsal  foramen 
be  seen,  when  viewed  in  the  position  in  which  Sowerby's  specimen 
is  drawn,  as  it  is  in  the  figure  cited.  This  figure,  however,  always 
appears  to  me  to  exhibit  a  sinus  rather  than  a  fold,  in  which  case  it 
would  be  a  ventral  valve.  Judging  from  Mr.  Davidson's  figures,  I 
should  say  that  the  upper  part  of  the  ventral  valve  of  8,  lens  must 
be  of  a  very  different  form  from  that  of  the  specimen  represented 
by  Sowerby. 

Position  and  localiiy, — Stricklandinia  8alterii  occurs  at  Heath 
Point  and  Cormorant  Point,  Anticosti,  in  the  Anticosti  group, 
division  3  =  to  the  Upper  Llandovery  rocks. 

Besides  these  two  species  there  is  a  form  with  the  ribs  straight, 
which  may  possibly  be  a  variety  of  8,  Davidsonii,  It  occurs  at 
Anticosti  in  the  same  beds  with  the  others. 

In  describing  8tricklandinia  I  unfortunately  stated  that  "This 
genus  includes  three  English  species,  which  have  been  long  known 
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under  the  names  of  Feniamerus  len»y  P.  UraJtw,  and  P.  2«oi9."  I  was 
aware  that  the  P.  lanxB  of  J.  Sowerby  was  the  young  of  P.  oblon^iit, 
and  supposed  that  the  name  had  become  obsolete  as  to  its  first 
application.  In  that  oase  Spiriferaf  htms,  J.  de  C.  Sowerby,  whidi 
was  a  true  FentameruSy  as  the  genus  was  then  understood,  became 
P.  lams.  That  this  is  the  one  I  had  in  view  may  be  seen  by  the 
remark  quoted  from  my  Pal.  Foss.,  p.  84,  by  Mr.  Davidson  in  his 
<<  Monograph,"  p.  158.  The  sentence  is  irregular ;  bat  it  was  in- 
tended to  read  thus,  ''  The  hinge-line  in  some  of  the  species,  sodi  as 
in  S.  Uevis  and  S.  mcrocamenUf  is  straight  and  much  extended."' 
This  could  not  possibly  apply  to  the  original  P.  lavia,  whidi  has  no 
hinge-line  at  all ;  but  it  does  apply  to  the  figure  of  Spirt/era  f  lani 
above  cited.  There  is  not  the  slightest  trace  of  any  of  the  generic 
characters  of  SlrickUmdirUa  in  J.  Sowerby's  figure  of  P.  lavU,  and 
it  is  impossible  that  I  could  have  intended  to  include  it  in  my  genus. 
Several  years  before  I  proposed  Siricklandinia  I  was  under  fiie 
impression  that  P.  lavis  was  the  young  of  P.  oblongus  from  com- 
paring  our  own  specimens,  one  of  which  I  have  figured  (Fig.  3)  ; 
and  in  1858  I  was  informed,  I  think  by  Mr.  Salter,  that  it  was  so 
regarded  in  England. 

EXPLANATION  OF  PLATE  IV. 

Fig.  l,*^Strieklandinia  Davidaoniif  yentral  yalye;  la,  dorsal  ralye;  Id,  «^w^1lMi1 
extremity  ^  le,  side  yiew ;  Id^  cardinal  yiew  of  a  amall  spedmeii,  with 
beaks  grotmd  off  to  show  the  chamber  and  septa. 

Fig.  2,— Siricklandinia  SalUriiy  yentral  yalye,  the  right-hand  cardinal  angle  re- 
stored.   2a,  yentral  yalye,  both  cardinal  angles  restored. 

Fig.  3. — ^Young  of  Petitamerus  oblofmUf  from  the  Niagara  limestone  at  Cocklnim 
Island,  Lake  Huron.  When  I  read  the  paper  on  Stricklandiniu  in 
March,  1869,  I  exhibited  to  the  Natural  Histoij  Society  of  Montreal 
a  specimen  just  ,liko  this,  only  a  little  larger,  in  order  to  show  Hm 
difference  between  Fentamerua  and  Siricklandinia. — £.  B. 


m. — Notes  on  the  Geology  of  the  Dobbttdsoha,  Buloabia. 

By  Dr.  Charles  F.  Pbtebs,  of  the  Uniyersity  of  Gratz,  Anstria. 

HAVING  lately  road  some  interesting  remarks  on  the  well-known 
green-coated  flints  of  Kent  in  the  Geological  Magazine,*  I  am 
induced  to  offer  you  the  following  notes. 

During  the  summer  of  1864: 1  investigated  many  parts  of  Bulgaria, 
but  more  especially  the  Dobrudscha,  where  the  sagacious  observations 
of  Capt.  T.  Spratt,  R.N.,  F.R.S.,  frequently  served  me  as  guides.  In 
the  highly  interesting  Cretaceous  strata  at  Kanara,  near  Kiistendsche, 
which  had  been  correctly  identified  by  Capt.  Spratt  as  Chalk,'  and 
from  which  Professor  Eeuss  lately  described  many  Foraminiferm,^  I 
discovered  a  pseudomorphous  substance,  which  replaces  the  flint  at 
many  points  along  the  coast,  and  in  the  Kara-suvalley. 

^  In  the  original  it  is  '*  The  hinge-line  in  some  of  the  species,  such  as  in  5.  Utti* 
and  S,  microcameruSf  haye  the  hinge-line  straight  and  much  extended." 

*  See  Mr.  G.  Dowker's  article,  Geological  Maqazime,  1866,  Vol.  III.  p.  210, 
see  also  pp.  223  and  239  in  same  yolume. 

>  Quart.  Joum.  Gcol.  Soc.  Lond.,  yol.  xiy.  p.  207. 

^  Sitzungsherichte,  Wiener  Akademie,  liL  p.  445. 
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I  Bhould  mendoD  here,  that  the  Chalk  in  this  coonti;  is  ererj'- 
n^iere  overlain  by  calcareous  or  sandy  bods  of  Miocene  age.  The 
metamorphohed  masses  consist  of  a  green  or  greenish-grey  soft 
mbwral,  which  contains  many  crumbling  remains  of  a  flint-like 
nlicioQs  miitter,  the  whole  mixed  with  earlxinate  of  lime.  AtW 
extraction  by  acetic  acid,  the  dry  substanfa  betoiuus  of  a  yellowish 
colour.  When  aaalyzed  by  Dr.  Kichard  ilaly,  U  gave  the  followuig 
oompoeition  : — 

SUica. 6fi-ll       Magnesia 240 

Alumina 26-21       Water  1200 

Peroxide  of  Iron 1.77 

II  is,  therefore,  essentially  a  hydrosilicate  of  alumina.  Altbou^ 
this  mineral  much  more  nearly  resembles  a  chloropal  poor  in  imJ 
thui  an  allophime,  the  relation  of  the  latter  to  the  Kentish 
ooal«d  flints  is  not  so  very  distant  but  that  we  may  suppose 
process  of  replacement  and  the  chemical  causes  were  nearly  tfao 
same  in  both  instances,  although  occurring  in  such  distantly  removed 
otmntries. 

My  paper  on  the  geological  and  geographical  description  of  the 
Borthem  part  of  the  Dubrudscha  is  published  in  the  Transactions 
of  the  Academy  of  Vienna  (vol.  xivii.). 

The  district  between  the  Danube  and  the  Black  Sea,  known  as 
Che  Dobrudseha,    ofiers  many  interesting  points   in  it»  geological 

Tba  diift-depontH  of  Bulgaria  and  Besaaiabia  correspond  with 
the  Hungarian  "  loess,"  forming  vast  nndulatiiig  plains,  which  attain 
ft  height  of  from  400  to  600  feet  above  the  sea. 

The  fireshwater  deposits  of  Bessarabia,  characterized  by  DretMena 
paiiftiorpha  and  many  Cardium-like  shells,  intermixed  with  some 
species  well-known  in  the  Austrian  loess  and  recent  deposits,  are 
not  of  Uiooene  age  aa  CapL  Spratt  has  supposed, — they  are  rather 
truly  intercalated  in  the  luid-shell  marls  or  loess.  This  Dreissena- 
bed  probably  belongs  to  the  oldest  drift-series  joining  (in  the  Fondo 
regiona)  the  upper  marls  with  the  true  Miocene  freshwater  deposits, 
called  the  "Congeria-beds"  by  the  Austrian  geologists,  and  well 
dmracterized  by-many  large  species  of  Dretssena  or  Congeria,  and 
Cbrdnun.  These  beds  have  been  observed  in  many  parts  of  Bulgaria 
and  Wallachia.  A  Miocene  limestone,  wholly  formed  by  Tape*  gre- 
garia,  some  species  of  CanUum,  Bvceimim,  Troektu,  and  a  multitude 
of  Farawtimifera,  belongs  to  the  "Sarmatio  formation"  of  Mr.  Suess, 
wfthoot  a  trace  of  the  older  Mediterranean  or  Indian  shells. 

The  Chalk  oorre^rands,  by  the  presence  of  BeleamileUa  mvcronata, 
(htrea  teaiaJarit,  and  some  Foramnifera,  with  the  Chalk  of  Meudon. 
A  Toronian, division  probably  exists.  A  yellowish  marl,  from  Ave 
to  six  handled  feet  in  thickness,  occurring  in  the  Babadogh  moun- 
tains, and  many  banks  along  the  coast,  with  remains  of  Oatrea  and 
Itureeraimu  (OripMif)  but  not  containing  any  Kudistes,  appears  to 
belong  to  it.  Of  the  Upper  Jurassic  beds,  a  part,  containing  Dieerat, 
Pteroeeraa  oeeani,  and  some  species  of  Nerinea,  resembles  the  Kimme- 
ridge  Clay  of  BeBan90n,  and  part  containing  numerous  Terebrt 
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BhynehoneU^i  lacunosay  Ammonites  hiplex,  A.  toriUuleaiuB,  and  many 
others,  resembles  the  Carpathian  limestone  series.  These  Jurassic 
beds  form  a  vast  table-land,  extending  probably  from  the  noithem 
Dobrudscha  mountains  to  the  Chalk  and  Eocene  hills  near  Shumla 
and  Yama;  and  are  elsewhere  overlain  by  the  before-mentioned 
Miocene  and  drift  strata. 

The  geological  composition  of  the  Dobrudscha  mountains  is  much 
complicated.  Except  a  reddish-brown  Lias  marble  of  true  Alpine 
character,  a  well-marked  Alpine  Halobia  shale,  and  a  Triassic  bed, 
resembling  the  Muschelkalk  of  Mikultschitz  in  Silesia,  and  the  cal- 
careous Triassic  strata  at  the  Plattensee  in  Himgary,  and  containing 
gigantic  specimens  of  Spiriferina  Mentzeli,  numerous  remains  of 
Terehratfda  vulgaris ,  etc.,  the  older  formations  in  the  northern 
Dobrudscha  repeat  exactly  the  Transylvanian  series,  but  without 
the  rich  coal  measures  of  the  Banatic  countries. 

Igneous  rocks,  namely  many  granite-like  masses,  a  quartziferous 
porphyry,  and  a  great  melaphyre  dyke,  penetrate  this  older  forma- 
tion, as  well  as  the  Inferior  and  Middle  Triassic  strata.  In  addition 
to  this,  I  will  further  state  that  I  am  of  opinion  that  the  Gneiss  and 
Granite  which  the  Danube  touches  near  the  town  of  Matschin,  opposite 
Galatz,  are  identical  with  that  through  which  the  river  passes  at  the 
perilous  Iron-gate  and  in  the  high  countries  between  Passau  and 
Erems.  It  will  be  seen,  therefore,  that  the  Dobrudsdia  mountains, 
although  not  more  than  1600  feet  in  altitude,  embrace  a  rich  series  of 
deposits  representing  many  types  of  formations  widely  removed  &om 
one  another  both  in  central  and  western  Europe. 


IV. A  Revision  of  the  British  Gbaptolitks,  with  Descriptions 

OP  THE  New  Species,  and  Notes  on  theie  Affinities.* 
By  Wm.  Cabbvthebs,  F.L.S.,  F.G.S.,  Botanical  Department,  British  Museam. 

(PLATE  V.) 

IT  is  of  the  first  importance  in  Natural  History  to  adopt  a  precise, 
and  if  possible  a  received  terminology,  and  strictly  to  adhere 
to  it.  From  the  very  different  opinions  that  have  been  entertained 
regarding  the  nature  of  graptolites,  a  curiously  mixed  set  of  terms 
have  been  employed  in  their  description,  some  being  su^ested  by 
their  supposed  resemblance  to  plants,  others  being  obtained  from 
their  aflSnities  to  animals.  Discarding  these  I  shall  employ  the 
terminology  proposed  by  AUmann  and  Huxley  for  tlie  Hydrowa, 
now  generally  adopted,  asking  the  reader  to  take  here  for  granted 
what  I  hope  presently  to  establish,  that  these  fossils  have  their 
nearest  allies  in  this  class,  and  consequently  that  the  terminology  is 

1  As  the  cliief  purpose  of  this  paper  is  to  describe  the  new  species  noticed  in  die 
list  I  supplied  to  the  recently  published  edition  of  **  Siluria,"  along  with  othen  not 
referred  to  there,  and  to  give  the  reasons  for  the  changes  introduced,  I  shall  fredy 
use  the  communications  1  made  to  Sir  Rod.  I.  Murchison,  as  well  as  two  pi^a* 
printed  by  me  in  the  "  Intellectual  Observer,"  vol.  ix.  p.  283  and  366.  I  may  bt 
allowed  to  refer  readers  interested  in  these  fossils  to  these  papers  and  to  the  note  m 
*<  Siluria,*'  for  observations  which  are  here  summarized  or  entirely  omitted. 
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ifad  ei|iHDy  to  boih.  Ab  tile  temiB,  howenror,  ha^e  not  yet  been 
VMnUy  intsodvoed  into  text  books,  it  is  perhaps  desirable  to  gi^re 
lefimtions  of  those  that  I  shall  have  to  use  in  this  paper. 

Svsiy  bydiOBOon  exists  nnder  two  separate  fbrms,  ilie  one  the 
'kophoBome"  destined  for  nutrition  and  growth,  the  other  the  '*  gono- 
Moie"  for  reproduction.  As  nothing  representing  the  gonosome  of 
gnptoHtes  has  yet  been  or  is  likely  to  be  observed,  we  omit  the 
Ivms  proposed  in  connection  with  it,  and  define  only  those  applied 
l9  As  trophosome.  The ''  cosnosaro  "  is  the  common  connecting  basis 
d  the  oolony,  organicfldly  uniting  the  yarious  individuals  or  "  poly- 
pilM."  The  soft  parts  are  more  or  less  completely  protected  by  a 
ekidiious  **  polypaiy" ;  to  that  portion  investing  the  coDnosaro  we 
oosfine  the  term  '<  periderm^"  and  the  cup-like  receptacle  in  whidi 
tii6  individual  polypito  exists  is  called  the  '' hydrotheca."  The 
"hydrorhiza"  is  the  root-like  termination  of  the  polypaiy  by  which 
the  compound  hydroid  is  attached  to  foreign  bodies,  and  the  ''  hydro- 
Gttlns  "  is  the  portion  of  the  polypaiy  that  intervenes  between  the 
hydiDibiza  and  the  first  hydiotheoa.  In  the  Sertidariadm  the  "  gono- 
phores  "  or  generative  buds  are  produced  from  the  sides  of  the  ''  gono- 
Uastidium,"  or  column  which  passes  up  the  centre  of  the  "gonotheca»" 
or"gonangium.'** 

nie  general  structure  of  the  graptolite  is  very  simple.  The 
polypaiy  only  has  been  preserved,  and  that  consists  of  a  periderm 
Gometimes  forming  a  thread-like  tube,  from  which  the  hydrotiiecs  are 
given  off  at  regular  intervals  {BastriieB),  or  a  larger  tube,  the  one  face 
of  which  is  formed  of  the  conjoined  bases  of  the  uniserial  hydrothecee 
(GraptoUthus,  etc.).  The  back  of  the  polypary  is  strengthened  by  a 
Blender  solid  axis,  composed  of  the  same  substance  as  its  walls,  and 
capable  of  separation  from  the  rest  of  the  polypary.  The  graptolites 
with  a  double  series  of  cells  have  a  similar  structure,  being  composed 
88  if  of  two  single-colled  forms  united  along  the  back  of  the  periderm, 
M  is  eN-ident  from  the  forms  constituting  the  genus  Dicranograptua, 
in  which  a  double  polypary  at  the  proximal  end  is  more  or  less 
Jpee<lily  resolved  by  division  into  two  branches,  with  a  single  series 
)f  cells  on  their  outer  aspect 

Prom  this  definition  I  exclude  several  forms  which  have  been 
Bferred  to  graptolites.  First,  two  remarkable  genera  of  double  grap« 
olites  representing  perhaps  different  sub-orders, — BettoUtes,  Barr., 
rhich  has  no  central  axis,  but  the  two  series  of  cells  rise  on  either 
ide  of  a  single  internal  canal  which  occupies  the  central  portion  of 
be  polypary,  and  PhyUograptwi,  Hall,  with  a  solid  central  axis,  but 
estitute  of  a  common  caned,  the  plates  of  the  different  cells  being 
ontinucd  to  the  solid  axis.  Also,  the  genera  described  by  Hall  and 
Immons,  in  which  no  colls  have  been  detected ;  and  lastly,  the  reti- 
alated  fossils  named  Dictyonema,  the  affinities  of  which  to  grapto- 
ites  seem  to  me  very  doubtful. 

The  structure  I  have  described  is  that  of  the  normal  members  of 
le  onler.  Before  complicating  our  investigations  regarding  their 
lodem  representatives,  by  introducing  the  consideration  of  tiie  ab- 
*  Allmann  in  Ann.  and  Mag.  of  Nat.  Hist,  May  1864,  p.  360. 
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normal  genera,  we  must  first  determine  the  relations  of  tliese  abnor- 
mal structures  to  the  type  structure  of  the  order,  which  has  not  yet 
been  done. 

I  am  induced  to  prefix  to  this  revision  of  the  British  species  a 
statement  of  the  evidence  which  induces  me  to  place  the  graptolites 
among  the  Hydroioa  at  greater  length,  because  of  a  paper  recently 
published  by  Dr.  Nicholson  on  this  subject  (Ann.  and  Mag.  of  Nat. 
Hist.,  Jan.  1868),  which  I  will  not  characterise,  leaving  that  to  my 
readers  after  they  have  become  acquainted  with  some  extracts  that 
I  shall  require  to  make  from  it.  Every  palsBontological  student  will 
allow  that  it  is  wasting  time  to  imagine  the  purpose  of  obscure  and 
anomalous  structures,  or  to  discover  for  them  by  wild  stretches  of 
the  imagination  fancied  analogies  with  structures  in  recent  tribes  to 
which  the  writer  is  anxious  to  ally  them.  There  must  be  a  cor- 
respondence of  some  kind  between  the  organisms  better  than  a 
"  possibly,"  a  "  probably,"  or  even  an  "  apparently."  If  any  trust- 
worthy determination  is  to  be  reached,  it  must  not  be  built  upon 
supposed  resemblances  about  which  there  must  always  be  a  difference 
of  opinion,  but  upon  structural  points  existing  in  the  fossils  that 
are  identical  with,  or  at  least  similar  to,  what  is  found  in  recent 
organisms. 

All  evidence  from  the  coBnosarc  and  its  appendages  is  necessarily 
wanting  in  these  palaeozoic  fossils,  and  our  comparison  must  be 
based  entirely  on  the  polypary. 

Accepting  the  opinion  almost  universally  entertained,  that  the 
cells  of  the  graptolite  contained  animals  living  in  colonies,  the 
investigation  as  to  their  modem  allies  is  limited  to  the  coelenterate 
and  molluscoid  zoophytes.  The  general  form  of  the  polypary  is  not 
of  importance,  as  on  the  one  hand  it  is  one  of  the  most  variable 
characters  in  the  same  group,  and  on  the  other,  it  is  one  that  repeats 
itself  in  very  different  groups.  It  would  be  impossible  to  distinguish 
between  the  Hydrozoa  and  the  Folyzoa  from  general  form ;  besides, 
this  is  very  variable  amongst  the  graptolites  themselves.  Neither 
is  the  notion  that  the  polyparies  were  free  (granting  that  they  were 
so)  of  much  significance,  inasmuch  as  there  are  free  forms  among 
both  the  Folyzoa  and  Hydrozoa,  Nor  can  much  stress  be  laid  on 
the  chitinous  nature  of  the  polypary ^  for  though  that  of  the  Hydrozoa 
is  always  chitinous,  in  "many  Folyzoa  it  is  homy  and  flexible" 
(Busk),  and  all  the  species  of  the  order  of  PoZyroa  which  most  nearly 
resemble  the  graptolites  have  such  a  homy  polypary. 

While  the  great  systematic  distinction  between  the  Hydrozoa  and 
the  Folyzoa  depends  entirely  upon  the  remarkable  difference  of  the 
polypites,  yet  there  has  been  found  associated  with  each  class  so 
peculiar  a  structure  of  polypary  that  there  is  no  difficulty  in  deter- 
mining to  which  group  a  particular  polypary  belongs.  This  struc- 
ture is  connected  with  the  presence  or  absence  of  a  common  canal, 
and  with  the  relations  of  ^e  cells  which  contain  the  polypites  to  it. 
The  tme  affinity  of  the  graptolite  will  be  easily  determined,  when 
we  ascertain  to  which  of  these  two  types  of  structure  it  most  nearly 
approaches. 
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Hie  oonllnn^  of  the  AiUkogoa  difEers  so  widely  from  the  polypary 
of  the  giaptolito,  that  this  great  divisiozi  of  the  Ccdenieraia  may  at 
onoe  be  ezoluded.  And  I  do  not  exoept  firom  this  exolurion  the 
PemmUitUdm  to  which  Beck  in  Mmohieon's  "  SQnnan  System"  re- 
ftrzed  the  giaptolites.  The  apparent  resemblance  between  Dijph- 
frapmm  and  PemuUvia  or  Virgukiria  is  very  superficial.  The  three 
gjeneia  may  agree  in  being  free  organisms,  and  tbey  have  a  bilateral 
arrangement  of  parts  and  a  prolonged  solid  axis,  but  in  the  fossil  the 
azia  is  slender  and  comeons,  and  is  produced  at  the  distal  end  of  ihe 
organism,  while  in  the  recent  genera  it  is  thick  and  calcareous,  and 
proceeds  from  the  proximal  end.  The  cells  containing  the  animals 
are  dug  out  of  the  coenosarc  in  FemuUida  and  Virgularia,  while  in 
the  graptolites  the  polypaiy  is  corneous  and  external  Our  com- 
parison will  therefore  be  confined  among  the  CoBleiUeraia  to  the 
jBjfdroxoa. 

In  the  same  way  we  may  strike  off  those  forms  of  the  Pclyzoa 
which  have  obviously  no  resemblance  to  the  graptolites.  In  deeding 
with  this  class  it  is  fortunate  for  the  palaeontologist  (although  a  matter 
of  regret  to  the  zoologist)  that  its  dalasification  is  based  almost  entirely 
on  the  structure  of  the  polyzoaiy.  The  freshwater  forms  and  those 
without  a  hard  cuticular  layer  may  at  once  by  set  aside.  In  both  the. 
CheUostomaia  and  Oyclottomaia  the  cells  are  budded  from  each 
other,  and  eventually  all  living  connection  between  the  polypites  is 
cut  off,  so  that  in  adult  specimens  no  opening  has  been  detected 
between  neighbouring  cells.  The  presence  of  a  canal,  common  to 
and  opening  freely  into  all  the  cells,  in  the  graptolite  is  sufficient 
to  exclude  these  orders  from  our  consideration.  The  flat  double 
corneous  disc  of  Dichograpsus  has  only  an  external  resemblance  to 
the  discoid  calcareous  polyzoary  of  Defrancia,  and  in  every  other 
respect  the  structure  of  the  two  genera  is  totally  different.  The 
only  order  of  FolgMoa  with  which  the  graptolite  can  be  compared  is 
that  named  by  Busk  Ctenostom-ita,  and  by  Gray  Polyzoa  cornea  from 
the  composition  of  their  polyzoary.  The  members  of  this  order  have 
a  common  basal  tube  on  which  Uie  individual  cells  are  placed.  The 
base  of  the  cell  is  cut  off  from  the  common  tube  by  a  septum,  but 
through  this  there  is  a  small  opening  by  which  the  various  poly- 
pites have  a  living  connection  with  the  circulation  and  the  structures 
in  the  tube  which  are  common  to  all  the  individuals  of  the  colony.' 
The  correspondence  in  the  arrangement  of  the  cells  on  a  common 
canal  in  Vesieularia  and  Graptolithus,  or  in  Farrella  and  Rastrites  is 
very  obvious,  but  the  existence  of  the  perforated  septum  at  the  base 
of  the  cell  is  an  invariable  and  important  character  in  all  these 
Polyzoa  wliich  at  once  distinguishes  them  from  the  graptolites. 

Professor  Huxley  in  his  Monograph  of  the  Oceanic  Hydro, oa,  pub- 
lished by  the  Ray  Society,  has  grouped  the  Hydrozoa  into  six  orders 

*  Dr.  Nicholson  summarily  dismisses  the  Polyzoa  by  asserting  that  they  "have,  as 
a  role,  a  more  or  less  calcareous  test,  and  the  individuals  forming  the  compound 
organism  are  not  united  by  any  organised  connecting  substance."  Perhaps  a  common 
circulation  in  the  basal  tube  is  not,  in  Dr.  Nicholson's  opinion,  an  "organised 
connecting  substance,"  and  Gray  and  Busk  may  be  ignorant  of  the  true  nature  of  the 
Pol  jzoan  tett. 
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from  the  leading  modifications  in  their  stnictnre.  It  is  important  to 
us  to  find  that  these  orders  have  marked  distinctions  in  Hie  protective 
coverings  of  the  coenosarc,  and  it  will  enable  us  to  establish  a  more 
satisfactory  comparison  if  we  give  the  characters  of  these  orders,  as 
far  as  they  bear  upon  the  parts  in  the  graptolites  with  which  we  have 
to  deal. 

I.  HydridcB, — ^Hydrosoma  consists  of  a  single  polypita  The  ecto- 
derm developes  no  hard  cuticular  layer.  Hydra  is  the  only  genus  of 
this  order. 

n.  Corynida. — ^Hydrosoma  developed  into  a  coenosarc  of  very 
various  forms,  supporting  many  polypites  without  thecse.  The  ecto- 
derm developes  a  strong  cuticle.  The  hydrosoma  is  fixed  by  a  hydro- 
rhiza. 

JU.  Sertvlariada. — Goenosarc  with  a  strong,  chitinous  cuticular 
layer,  which  is  usually  branched,  and  supports  polypites  enveloped 
in  thecaa.      The  hydrosoma  is  fixed  by  a  hydrorhiza. 

IV.  Cali/cophorida. — Coenosarc  unbranched,  flexible,  and  contractile, 
and  has  no  hard,  chitinous,  cuticular  layer.  The  hydrosoma  is  free, 
and  the  polypites  have  no  thecae. 

V.  PhyBophoridis. — Ocenosarc  unbranched  or  very  slightly  branched, 
flexible,  and  contractile,  and  has  no  hard  chitinous  outer  layer.  The 
hydrosoma  is  free,  and  the  polypites  have  no  thecsd. 

VI.  Lucemariada, — The  base  of  the  hydrosoma  is  developed  into 
an  umbrella.     The  coonosarc  has  no  chitinous  layer. 

There  are  no  parts  in  the  first  or  in  the  last  three  orders  which 
can  be  compared  with  graptolites.  The  members  of  these  four  orders 
are  all  devoid  of  any  hard  cuticular  layer.  They  must  therefore  be 
at  once  set  aside,  and  wo  are  limited  to  the  second  and  third  orders. 
The  Corynida  differ  from  the  Serttdartada  in  having  no  thecae  for 
their  polypites ;  but  the  graptolites  wore  certainly  furnished  with  true 
thecsB.  In  Bastrites  the  thecae  rise  at  distant  intervals  from  the  com- 
mon canal,  and  in  some  species  of  Graptolithua  they  are  seen  to  be 
distinct  structures  from  the  epiderm  of  the  canal.  The  most  obvious 
indications  of  these  that  I  have  seen  are  in  G.  Eisingeri,  in  which 
there  is  a  superficial  line  precisely  agreeing  with  that  which  is  seen 
at  the  junction  of  the  theca  and  the  epiderm  of  the  canal  in  Cam- 
panulart'a,  etc.  This  is  figured  by  M'Coy  in  his  "  British  Palaeozoic 
Fossils  "  (Tab.  I.B.  fig.  7a),  and  described  by  him  as  a  septum  ;  but 
a  specimen  in  my  possession,  preserved  in  the  round,  shows  that  the 
line  truly  belongs  to  the  outer  cuticular  layer,  and  is  not  an  internal 
structure.  This  excludes  from  our  consideration  the  Corynida,  and 
confines  us  to  the  Sertulan'ad^g.  In  this  order  there  is  a  hard  chi- 
tinous cuticular  layer  forming  a  periderm  around  the  common  canal, 
and  distinct  chitinous  thecae  for  the  individuals  of  the  colony.  In 
these  respects  no  difference  exists  between  the  polyzoary  of  the 
CienostoTnata  and  the  polypary  of  the  Sertulariada ;  but  the  separation 
between  the  cell  and  the  common  canal  by  a  distinct  structure,  which 
is  present  in  all  the  Polyzoa  with  a  common  tube,  is  absent  in  the 
Hydroxoa,  In  them  the  wall  of  the  hydrotheca  is  continuous  with 
the  periderm  of  the  common  canal,  and  no  septum  exists  separatiiig 
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tlw  cont«ntB  of  tbe  two.  This,  too,  is,  as  we  have  seon,  preciselj  the 
stntcture  of  tho  graptolit« ;  aod  if  there  were  nothing  more  to  be 
taken  into  account,  tlie  foasil  could  not  be  eepsruted  from  the  Sertu- 
l^riad  .  But  tliere  is  an  iiu{HirtiiUt  mlditional  structure  always  present 
in  tLe  true  graptulite — namely,  tho  Blonder  axis ;  and  there  ia  no 
anali^us  structure  in  the  Serbihriada.  We  cannot  well  compare 
tliia  axis  with  that  of  the  PennatuHtla,  even  neglecting  the  nature 
of  it«  composition,  unless  we  make  the  whole  so-called  polypory  of 
the  Qraptaliti<le  nn  eodo-skeleion  instead  of  an  eia-skelolon  ;  but  this 
irould  i&truduoo  a  jet  more  anomaloue  structure,  for  which  it  would 
not  be  possible  to  find  any  modem  ally. 

The  comparison,  then,  that  we  hove  instituted  between  the  partA 
and  composition  of  the  polypsry  of  the  gn^tolite  and  similar  poly- 
paries  of  living  organisms,  seems  to  me  to  establish  beyond  doubt 
tb»t  this  intfiresting  Silurian  fossil  has  its  nearest  allies  in  the  Sett*- 
imriadtt,  from  which  it  differs  in  having  a  solid  axis  to  the  polypory. 

The  complete  or^iouism  presents  some  characters  that  ut  first  sight 
appear  to  differ  from  those  of  theSertu/anWie;  but  those  diSerenoes 
are  not  so  great  as  they  are  sometimes  represented.  The  genua  Dm- 
droyraplui  has  hitherto  been  found  only  in  fragments  in  llriloin,  but 
the  periiwt  spfcimens  figured  and  described  by  Hall  hnve  dendroid 
polyporiea  with  a  strong  hydrocaulus  terrotnaJiiig  in  a  hydrorliiza. 
TTiis  atnecs  esactlv  with  (he  habit  of  Uatediim.     Tlie  other  genera 

of  Lrrjj.ti.lit.-   ;.ii'  ■-..iri.illi   ■li'.M.iiliL.d  .'IS  r 1-iif   it   in  v.'.iiarkahle 

that  all  of  them  ore  fumi^ed  with  a  longer  or  shorter  non-oellnli' 
faioiiB  portion  {radicle  of  Hall)  at  their  proximal  termination.  Hie 
^Bcovery  of  more  perfect  specimens  shows  that  this  is  very  genentUy 
jtrosent,  and  that  in  tLhose  speciinene  in  which  it  had  been  observed, 
it  is  longer  than  has  hitherto  been  supposed.  I  figure  a  beautiful 
RMoixaen  of  Climaeogra^tw  seaiaris,  Hall  (PL  V.,  Fig.  9),  in  whiok 
this  k  produced  to  a  considerable  length,  and  there  is  no  indication 
tbat  eves  here  we  have  the  termination.  The  relation  of  this  process 
to  the  organism  shows  that  whatever  may  have  been  its  functions,  it  is 
bomologoos  with  the  hydrorhiza ;  there  is,  however,  really  no  reastHi 
fiar  supposing  that  it  was  functionally  different  Hall  thinks  that  the 
gnptoiitea  were  free-floating  organisms ;  Nicholson,  adopting  tiiis, 
am  be  does  many  other  tilings,  and,  as  his  practice  is,  without  ooknow- 
laigment,  ia  not  trammeUed  by  the  oautious  language  of  Hall,  but 
amazta  that  "  thtn  eoft  It  no  doubt  that  the  greater  number  were  bee- 
floatJng  or  fru-twimming  organitm*  "  (p.  £9).  And  then  he  finds  in 
die  pnaiimatocyBt  of  the  Phj/v^horida  the  "  best  homologne  "  {tie)  of 
fluoentral  coraeons  disc  of  IHehograptut,  and  he  famishes  the  o^ter 
genera  with  "possible"  swimming  bells,  which,  "of  eourw,  could 
oerer  be  preserved  in  a  fossil  condition  "  I  Finally,  to  complete  the 
history,  "it  must  sufiice  to  state,  that  in  the  simpler  genera  the 
■eooDdaiy  cellules  f^pear  to  be  intercalated  between  the  initial  point 

or  radicle  and  the  primordial  cellule  or  cellules This  mode 

eorrespouds  with  that  in  the  ...  .  Pkyuphorida"  (p.  68).  Un- 
fiwtimalely,  however,  it  only  exists  in  the  author's  imaginatiou ; '  it 

*  W«  fqipoM  Dr.  Nichtriaon  will  ■Uow  this,  for  in  s  KnteniM  i  littli  Ixfara  that 
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is  utterly  impossible  in  several  genera  {JHeho^rapBus,  Cladograpitu, 
Dioranograptus,  etc),  and  extremely  unlikely  in  all.  As  all  the 
oceanic  Hi/drazoa  of  our  present  seas  are  entirely  destitute  of  a  hard 
outer  layer,  and  have  an  excessively  contractile  coenosarc,  it  is  "  very 
possible,"  indeed  "  beyond  doubt,"  that  the  Silurian  seas  were  dif- 
ferently constituted  to  meet  the  requirements  of  Dr.  Nicholson's  hard, 
chitinous,  and  non-contractile  free-swimming  polypary. 

I  will  refer  to  only  one  other  point  in  Dr.  Nicholson's  paper, — ^it 
would  afford  endless  material  for  a  persevering  commentator, — and 
to  that  because  it  is  one  which  the  author  has  been  diligently  inves- 
tigating for  some  time,  and  in  which  consequently  he  has  attained 
some  proficiency.  I  refer  to  his  "  Graptogonophores."  In  1866  he 
published  his  great  discovery,  first  at  the  British  Association  and 
then  in  the  Geological  Magazine  for  November  of  that  year.  He 
found  bell-shaped  bodies  organically  attached  by  their  broad  ends  to 
"  Oraptolithus  SedgwickiV^  These  were  "  gonophores  or  ovarian  vesi- 
cles." (Geol.  Mag.  Vol.  m.  PI.  XVII.  p.  489.)  In  the  February 
Number  of  1867, 1  suggested  in  a  note  on  the  systematic  position  of 
graptolites  that  if  the  bodies  had  anything  to  do  with  the  graptolite, 
the  specimen  as  figured  by  him  was  turned  upside  down  {he.  ett. 
Vol.  IV.  p.  71).  By  the  following  June  he  had  discovered  that  he 
was  wrong ;  but,  without  taking  any  notice  of  his  error  or  my  cor- 
rection of  it,  he  gives  drawings  of  the  bodies  attached  by  the  slender 
pedicel  to  different  parts  of  the  polypary  (loc.  cit  PI.  XI.  p.  259).  In 
the  next  Number  I  pointed  out  the  error  of  supposing  that  the 
ovarian  capsules  could  be  borne  in  the  same  species  on  the  common 
coenosarc,  as  well  as  developed  from  the  individual  polypites  {he, 
eit,  p.  336).  At  the  meeting  of  the  British  Association  in  September 
last  he  gave  up  the  origin  from  the  coenosarc,  and  in  the  paper  just 
published  in  the  "  Annals"  he  tries  to  let  himself  more  quietly  down 
by  saying  that  such  an  origin  "  is  perhaps  accidental ; "  but  during 
the  progress  of  his  knowledge  he  nowhere  acknowledges  being  in- 
debted for  corrections.  But  now  he  has  established  his  position 
'*  beyond  doubt."  And  this  is  his  last  account  of  the  bell-shaped 
bodies : — "  They  resemble  the  gonophores  of  the  recent  Hydrozoa 
in  being  external  processes,  in  some  cases  permanently  attached,  in 
others  ultimately  detached;  the  likeness  in  form  is  also  striking. 
They  differ,  however,  in  possessing  a  corneous  envelope,  so  that, 
when  detached,  they  were  either  simple  free-floating  organisms,  or, 
if  they  possessed  any  independent  locomotive  power  of  their  own, 
this  must  have  been  obtained  by  means  of  cilia  or  by  some  soft 
apparatus  which  would  leave  no  traces  of  its  existence.  It  is 
probable  that  the  capsules  did  not  contain  the  germs  of  grapto- 
lites as  we  now  find  Uiem  in  a  fossil  condition,  as  thought  by  Hall, 
but  that  their  contents  were  the  ova  in  their  earliest  stages.  The 
ova  would  probably  be  liberated,  on  the  dehiscence  of  the  capside,  as 

we  have  quoted  from,  he  tella  us  that  the  minute  comeous  genu  he  describes  is  "  the 
primitive  structure  of  the  embryo,"  in  imagination,  that  is,  for  he  immediately  adds 
*'  it  must,  in  faet,  be  considered  very  probable  that  these  germs,  as  we  see  them, 
are  considerably  advanced  in  growth,  and  that  the  earliest  form  of  the  embryo  was 
devoid  of  any  corneous  test." 
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minnto  oilialed  fiee-swimming  organisms,  whioh  subseqnenily,  and 
as  a  later  development,  acquired  a  comeonB  enTelope."  I  would  be 
AA  to  hare  some  lij^t  on  this  novel  mode  of  repn>daotion.  I  oon- 
naa  my  inability  to  nnderstand  it.  My  impression  is — ^but  I  express 
it  with  diffidence — that  Dr.  Nicholson  has  somehow  confounded  the 
ezftemal  ben-ahaped  gonothecn  of  the  Serttdariada  and  the  gono- 
|riho««a  they  contain,  and  that  some  danses  in  the  sentences  quoted 
refer  to  the  gonothec»  and  some  to  the  gonophores. 

The  genexic  name  Oraptoktkut  was  &rst  employed  by  Linniens  in 

the  original  folio  edition  of  his  famoos  "  Systema  Natar»  "  (1736), 

lor  oeitain  natural  objects  which  he  describes  as  resembling,  but  not 

Iwmg;  true  petrifactions.    Not  a  single  form  of  the  fossils  to  whidh 

the  name  is  now  confbed  had  a  place  in  the  g^us  tQl  the  twelfth 

edition  of  the  **  Systema,"  in  1767,  and  of  the  eight  species  recorded 

fliere  only  one  is  a  true  graptolite.    This  he  named  G.  icalani,  BnA 

quoted  for  it  the  illustration  and  description  in  his  Scanian  Traveb 

(1751),  p.  147.    There  can  be  no  doubt  that  Hall  is  right  in  re- 

fiarring  uiis  roeoies  to  that  which  is  generally  known  as  Diplograpmt 

rwettmfmlmrUf  ITOoy.    The  ''  Systema"  is  always,  though  erroneouiBly, 

quoted  for  another  species,   Q.  iogiitanui,    LinnsBus  foxmded  this 

neoies  on  Ae  drawing  of  a  fragment  of  a  Zepidodendran  in  Volkmann's 

"Silesia  subterranea  "  (1720),  part  iii.,  tab.  4,  fig.  6,  and  accurately 

described  it  in  his  short  diagnosis.    Hisinger,  in  some  imacGOimtable 

way,  applied  the  name  to  a  species  of  the  restricted  genus  Grapto- 

lithui  with  which  LinnsBUs's  description  has  not  one  character  in 

common.     This  error  has  passed  through  all  the  works  on  grapto- 

lites  xmcorrected,  and  has  caused  the  Linnsean  generic  name  to  be 

appUed  to  the  species  with  one  series  of  cells,  whereas  the  only 

species  described  by  LinnsBUS  had  a  double  series  of  cells. 

The  difficulty  of  confining  the  original  name  to  one  of  the  various 
items  included  in  the  genus,  and  especially  of  applying  a  word  to 
tiiese  organic  remains,  which  its  audior  employed  to  indicate  that 
tbe  species  included  xmder  it  were  imitations  of  and  not  real  fossils, 
presented  itself  to  those  who  after  LinnaBus  studied  this  group. 
KilBson  proposed  Priodon,  but  as  Cuvier  had  used  it  for  a  genus  of 
fish,  he  altered  it  into  Prionotus,  This  was  first  published  by 
Hiringer  in  1837.  Before  this  (1835),  however,  Bronn  had  pub- 
lished the  name  ZomatoceraSf  but  this  name  had  also  been  previously 
^ployed.  The  original  name  was  restored  by  Murchison  in  his 
"dorian  System"  (1839),  in  a  slightly  altered  form  {Graptolites) 
which  has  been  adopted  by  British  authors.  A  note  by  Beck  on  the 
&mily  was  printed  in  the  same  work,  and  he  retains  the  original 
spelling,  in  which  he  is  followed  by  writers  abrojid.  Under  this 
name  all  the  forms  described  by  Hisinger,  Murchison,  Portlock, 
Hall,  G^initz,  and  others,  were  included. 

Barrande  first  subdivided  the  genus  (1850),  by  separating  two 
marked  forms  under  the  names  Rasirites  and  JRetiolitea,  and  by 
forming  two  sections  of  the  limited  genus  Graptolithusy — Momprum 
br  those  with  a  single  series  of  cells,  and  Dipr%<m  for  those  with  a 
double  series.      M'Coy  in  the  same  year  gave  these  sections  a 
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generic  -value,  retaining  for  the  firat  the  original  name,  and  p)n>- 
posing  Diplograpius  for  the  second. 

Barrande,  accepting  Hisinger's  determination,  oonsidered  the 
Priodon  sagittarifM  of  that  author  the  same  as  O.  Sagittarius,  Linn., 
and  so  held  the  species  with  a  single  series  of  cells  to  be  the  true 
Linnsean  type  of  the  original  genus.  He  further  endeaToored  to 
show  that  G,  sealaris,  Linn.,  was  a  "  scalariform "  impression  of  a 
single-celled  species,  and,  by  an  oversight  which  is  remarkable  in  a 
work  specially  characterised  by  the  careful  and  accurate  observation 
that  distinguishes  all  the  labours  of  its  illustrious  author,  he  figures 
a  double-celled  Graptolite  as  the  ''  scalariform "  impression  of  two 
single-celled  species,  viz.  G.  nuntius,  Barr.,  and  G,  HaUi,  Barr.,  as 
has  been  already  pointed  out  by  HalL  M'Coy,  following  Barrande 
and  Hifiinger,  retained  erroneously,  as  I  have  shown,  the  Tiinnspian 
name  for  the  single-celled  forms.  Were  it  not  that  he  has  been 
invariably  followed,  I  would  have  restored  the  name  given  by 
LinnaBus  to  the  only  form  with  which  he  was  acquainted ;  but  this 
would  introduce  into  the  accepted  nomenclature  so  many  changes 
without  corresponding  advantages,  that  the  strict  application  here  of 
the  law  of  priority  would  scarcely  be  justifiable.  To  correct  to 
some  extent  the  error,  and  to  make  the  extent  of  the  aoqnaintsnoe 
which  LinnaBus  had  with  these  fossils  more  obvious,  I  have  substi- 
tuted for  G,  Bogitiarius,  Linn,  (a  name  which  cannot  be  maintained), 
that  of  G,  Hisingeriy  after  the  distinguished  palaeontologist  who  first 
described  the  species,  but  erroneously  ascribed  to  it  the  LinnsBan  name. 

Suess,  in  1651,  added  the  name  FetaloUthus  as  a  synonym  to 
M'Coy' s  genus  Diplograpsus,  In  the  same  year  M'Ooy  gave  the 
name  of  Didymograpsus  to  a  well-marked  group,  and  in  the  following 
year  Gcinitz  applied  Cladograpsus  to  the  same  group.  Unaware 
that  this  name  had  been  employed,  I  proposed  it  in  1858  for  a 
repeatedly  branching  form  which  I  found  at  MofiEat.  While  the 
paper  in  which  I  described  this  and  other  forms  was  passing 
through  the  press,  1  learned  that  Gleinitz  had  used  the  name :  but  as 
I  was  unable  to  ascertain  to  what  group  he  applied  it,  I  permitted 
the  name  to  stand,  in  the  faint  hope  diat  we  had  independently 
selected  it  for  the  same  form.  In  the  same  paper  1  described  a  new 
species  of  Bidymograpstis,  and  recorded  two  otiier  already  described 
species,  so  that  it  is  perfectly  obvious  that  I  applied  the  name  to  a 
^Qffercnt  group  from  that  which  Geinitz  had  included  under  k. 
In  1867  Dr.  Nicholson  gave  Pleurograpsus  to  be  placed  as  a  synonym 
to  my  genus  Cladograpsus, 

Salter,  in  1861,  described  a  compound  form  Dichograpsus  from  the 
Skiddaw  slates,  similar  to  some  that  had  already  been  observed  in 
Canada  by  Sir  Wm.  Logan. 

Hall  has  more  than  any  other  palsBontologist  increased  our  ac- 
quaintance with  species  of  graptoUtes,  and  added  many  very  re- 
markable genera.  His  extensive  acquaintance  with  the  perfect  and 
lingular  specimens  .that  have  been  found  in  Canada  and  the  United 
States  have  given  him  a  high  vantage-ground,  which,  independ^it  of 
the  care  and  ability  with  which  he  prosecutes  his  investigations,  would 
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demand  for  his  opinionB  the  moat  thoughtflil  coaBidoration.  An 
iatercii&nge  of  epecimena  between  Europe  and  America  would  be  n 
great  advantage  io  obBervera  in  both  conotricB ;  for  wbUe  tbe  draw- 
ings of  Barronde,  Geinitz,  M'Coy,  and  Salter,  convey  ub  ae*,iirate  an 
iinpFesBion  of  our  European  forms  oe  can  be  given  on  paper,  and 
ihost  of  Hall  equally  so  of  tbe  American  species,  yet  it  is  impossibla  - 
for  students  fully  to  understand  the  nature  of  the  organiBmn  without 
their  careful  examination;  we  must  always  on  this  side  of  the  Atlantic 
have  a  defective  knowledge  of  Dichegrap»iii,  and  tbe  new  genera  of 
Hall,  until  we  have  an  extensive  series  for  examination ;  and  it  is  to 
be  expecTt«d  that  on  tbe  other  side  erronoous  ideas  will  be  enter- 
tained regarding  our  old'world  species,  from  tbe  same  cause.  Had 
Hall  examined  perfect  European,  specimens  of  the  genus  Graptolithitt 
he  would  have  seen  that  very  few  of  these  oould  be  parts  of  the  re- 
iDarkaUe  compound  forms  whioh  he  so  admirably  describea  and  illus- 
tRUes  in  the  lost  Decade  of  the  Canadian  Survey, 

In  1857,  Hall  establishod  tho  genus  PhyUograptut.  In  suhse- 
qnently  published  papers  he  proposed  sevetm  additional  genera, 
•ome  of  which  are  probably  not  true  graptolites.  In  some  he  con 
detect  no  cell -openings,  and  InocauHn,  which  is  not  rare  in  our 
British  Siluri^ms,  has  a  solid  homogeneous  structure  very  different 
itota  that  of  any  graptglite  with  which  I  am  acquainted.  Dettdro- 
fraptitg  is  an  interoHting  form  represented  in  Britain,  and  his  genera 
Cliwiaeoffraptu*  and  DicranograpttM,  establidied  Cor  forms  already 
known,  are  well  characterised. 

Hub  doHea  the  history  of  tiie  'different  genera  of  British  graptolitee. 
I  shall  now  give  an  analytical  key  to  the  gen^a,  and  proceed  to  the 
enumeration  of  the  species,  having  oooupiod  much  more  space  than 
I  intended  with  this  introduction. 

INAITTICAL  KEY  TO  THE  QE^EEA. 
k.    Polnan  with  *  diu-le  aeriei  of  cells. 
L     roljptn  ample. 

m.    CUk  fi«e  thrangliaut  thoir  whole  length.  SatMtu,  Snr. 

b.    Calls  in  oontact  lluoagliont  more  <n  leu  of 

their  length.  OrapMtfAiu  [Lion.),  U'Coy. 

b.     PolTpUT  oompound. 

a.    Folypary  growing  in  one  direetioii  from  the 

Jinmarj  point.  OyrUgr^tm,  Oarr. 

jpory  proving  bilaterally  and  eaiuisliiig 

of  two  nmpU  or  doable  biaoeheo.  DUgmagrapuu^'dtj 

e.  FoljpatT  KTOwioK  bilateniUf  and  bruehiiu 
tegaliriy,  SBd  furoished  with  a  oontnl 
eonieoia  diie.  LMeffrapnu,  Salter. 

d.  Polfpuy  groirilig  biUterallT,  iiregnlarij  and 

repeatMly  biuiching  and  relnudung,  and 

witlioat  a  central  due.  Cladograpiui,  Carr. 

e,  PoljpaiT  with  a  thick  common  hydrocaulue, 

and  branching  irrcgnlarly.  Dmdrograptta,  Hall. 

B.  Poljtiarj  with  two  aeriea  ol^eellH. 

a.     FolfpuT  with  a  slender  solid  aiia. 

B.    Cella  wbich  are  true  bydrothecs.  Diplofrtpnu,  U'CoT. 

t.    Cella  holloned  oat  of  the  oommon  periderm.    Climaeograpttu,  EaU. 
h.     PolypaiT  without  an  aiig.  StlioIiUi,  Barr. 

C.  Pol^pcrr  wlUi  nngle  and  double  seiiea  of  cells.  Dicratngraptut,  Hall. 

D.  Poljpar;  with  four  series  of  calk.  Fl^^kgri^ftti*,  Hall. 
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EXPLANATION  OF  PLATE  V. 


2.       Biptograptm  mucrvrnMlu,,  HlU. 

5.  Diplofnpta  WhilJUldi,  HalL 
4.       Siptograptiu  nwtrfo.  Gem, 

6.  DrndrOfrmpliH  ItjUut.  Carr. 

6.  Ditramefraplia  Claiffaiii.  C>n.  6  e.  Three  ceUi  mi^nifled  &je  tuDM. 

7.  (^mJofraptui  capiUarit,  Cur.     7  i.  Fant  celli  nugmfied  fire  timn. 

8.  DUjmnffnqiiia dtffeiu, C»n.   Sf and Se.Twti jiODngipeciiiuiu.   Sd.  Fmir 

cdlx  magnified  fiie  timea. 

9.  ClMwfo^ajiliit  (MJarii,  HalL,  ihowmg  the  axil  pntdooed  at  &n  proziiul 

end  to  a  great  length. 

10.  Climalofraplu*  MiiiHiiu,  Cut. 

11.  PipbjfTapau  tritomit.  Cm.     11  i.  Tonng  spedmen. 

12.  Diplograptm  mmimtu,  Carr. 

13.  Diptofrapna  prittit.   Ha,,  ihowing  Tarioiu  foimi  of  appendagea  at  ths 

pronmal  terminatiDD. 

14.  Baifrittt  maximuM,  Cur. 
1 G.       SatMlf  Zuifun',  BacT. 

16.  Satrita  capiUarit,  Carr. 

17.  Oyrtojraptiu  MureHitcnii,  Can.     17  i.  Sem  eelli  magnified  fire  timaa. 

18.  Oraptoiithut  intermtditu,  Cair. 

19.  Oraploiit&Hi  CSnffaHi,  CaiT. 

Figs.  1  0.  S,  and  17  are  from  specimens  in  the  Jennyn  Btreet  MoiGDm;  the  othen 
an  from  Bpecimena  ia  the  British  Mosenni. 

The  ajstematic  poition  of  the  paper,  and  the  doacriptian  of  the  new  ipeuea  figured 
ID  thu  plat«,  will  be  giren  in  neit  nnniber. 


V. — Oh  a  Flowek-like  Fokm  fkoic  the  Leaf-bkd  of  the  Lower 

Baqbbot  Beds,  Studlamd  Bat,  DoBSEXsmBE. 

B;  Gboboi  H&w,  F.G.S.,  F.L.3. 

rS  accompaoymg  figure  (1)  represents  a  foBsil  in  my  poBEesBion 
obtained  witb  some  insect  remains,  by  Mr.  W.  B.  Brodie,  of 
Swanage,  from  the  Lower  Leaf-bed  of  die  Lower  Bagshot  beds, 
Stadland  Bay,  Dorsetshire.     It  bears  a  general  resemblance  to  the 


Elgi.  2,  S.— Air^fs  <ia:|i«iu,  India. 

Fig.  i,—CaIfcopltrit  (Oeltmia)  fionbaitia,  Indlii. 

examples  found  by  Mr.  W.  S.  Mitchell,  at  Alum  Bay  and  Bourne- 
mouth;' and  to  those  figured  by  Heer  as  Parana  (Floia  Tertiaria 
Helvetite,  plate  103),  from  the  Swiss  deposits,  except  in  its  having 
I  See  Hr.  Milehell'i  deacription  of  Parana  (!)  mcImmi,  etc.,  in  Geoloqicu. 
HACMsm^  1866,  VoL  U.  p.  £16,  figa.  1-3.— Ed. 
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bat  four  inatoad  of  fi^e  lobes.  It  resembles  somewbat  in  outline 
Iii0  reoent  Tcrama  voUbOu,  and,  as  the  absenoe  of  the  fifth  lobe 
wofjbt  be  merely  an  abnormal  condition  of  the  indi^doal  example, 
it  teemed*  at  first,  soaroel j  sufficient  to  separate  it  from  the  genus 
wilih  whieii  all  the  other  similar  forms  from  the  Tertiary  beds  had 
herotoforo  been  identified. 

Mr.  Richard  Kippist,  of  the  Tiinnffiian  Society,  has,  however,  within 
flie  last  few  dm  pointed  oat  to  me  the  mnoh  closer  resemblance  of 
ttie  fiMsil  to  JEydtta  eaiofema,  an  East  Indian  plant  of  the  natural 
Older  Biftiiieriaeea,  and  has  furnished  me  with  the  recent  examples 
of  the  enlaiged  involucre,  represented  in  Figures  2  and  8  for  com- 
parison  with  the  fossiL  A  figure  of  the  plant  is  also  given  in 
Wight's  leansB  planianim  India  OrieiUali$  (vol.  iii  table  880,  fig.  6). 
Mr.  Kippist  remarks  that  "  the  fossil  agiees  far  better  with  Kydia 
than  Farana  in  the  number  and  blunt  obovate  form  of  the  sepals, 
as  well  as  in  the  numerous  nearly  paraUel  veins,  the  pointed  sepals 
of  Parama  being  penniveined  with  an  intermarginal  nerve ;  in  fsbot^ 
that  Witt's  figure  of  the  enlarged  calyx  of  Kydia  cdlyeina  is  so 
completdy  identical  with  the  fossil  that  the  one  might  almost  have 
been  drawn  from  the  other."  In  the  fossil  the  inner  or  true  calvx 
with  the  enclosed  capsule  appears  to  have  become  detached  from  the 
involucre  (the  part  supposed  to  be  represented  in  the  fossil),  though 
the  broad  soar  in  the  centre  shows  dearly  the  point  of  attachment. 
A  large  proportion  of  the  examples  of  Kydia  have  only  four  lobes 
to  the  outer  calyx  or  involucre,  but  are  occasionally  found  with  five, 
as  in  Figure  2,  or  even  with  six  lobes.  The  BLampshire  and  also  the 
Swiss  specimens  figured  by  Heer  vary  in  this  way ;  and,  although 
the  great  majority  have  five  lobes,  it  seems  questionable  whether  the 
whole  are  not  more  properly  referable  to  Kydia  than  Parana}  Three 
examples  of  leaves  in  my  possession  from  the  Corfe  leaf-bed,  a  con- 
tinuation of  that  exposed  in  Studland  Bay,  agree  well  with  the  form 
tad  venation  of  the  leaves  of  Kydia  ealycina. 

I  submit  these  few  particulars  in  the  belief  that  the  evidence  in 
&Tour  of  the  affinity  of  the  Tertiary  flower-like  forms  with  Kydia 
is  equal  if  not  superior  to  the  claims  of  Porana  to  include  them, 
though  the  identification  of  fossil  with  recent  Phanerogamous  genera 
miut  always  be  uncertain  and  difficult.  Fig.  4  represents  the  calyx 
of  Oaiyeapteris  {QeUmia)  flonbunda,  for  which  I  am  indebted  to 
Hr.  Qmnthers,  and  which  is  also  more  like  the  fossil  than  any  of 
flw  recent  species  of  Porana. 


Classxitioation  of  Meteobites.     By  M.  DaubbI:e.' 

rB  bodies  which  are  comprised  imder  the  general  name  of 
meteorites  have  long  since  been  arranged  under  two  great 
Simons,  the  irons  and  the  aUmea ;  it  is,  indeed,  the  division  which 

'  See  toires  of  JPtrnxna,  op.  cit,  p.  516. 

*  Claismcatioii  adoptee  pour  la  collection  de  m^t^orites  da  Miu^am.    Par  M. 
Buhr^e;  Comptes  rendiu  des  Stances  de  1' Academie  deB  Sciences,  tome  6d,  July,  1867. 
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appears  the  most  simple  and  natural.  In  examining  a  certain  nmn- 
l]«r  of  these  masses  it  has  been  thought  conTenient  by  some  to 
establish  a  third,  or  intermediate  division,  to  which  the  names  of 
Mesosiderites,  LitkoMerites,  or  of  SideroUtes,  have  been  given.  How- 
ever convenient  may  appear  this  latter  division,  it  presents  some 
difficulties  when  we  examine  the  passages  which  connect  the  exizeme 
terms  of  the  series ;  viz.,  from  that  of  massive  iron  to  that  of  the 
stone  exempt  from  it.  It  is  tiius  that  certain  specimens  have  been 
placed  by  some  in  the  intermediate  division,  and  by  others  in  the 
third,  or  in  the  first  division.  In  not  admitting  this  division  there 
are  also  difficulties,  particularly  for  the  meteorites,  such  as  that  of 
Pallas,  where  the  stony  grains  are  disseminated  amongst  the  metallic 
mass,  and  which  thus  forms  the  first  link  between  the  irons  and  the 
stones.  In  placing  the  collection  of  meteorites  in  the  new  cabinet  of 
the  museum  of  the  Jardin  des  Plantes,  at  Paris,  M.  Daubree  has 
replaced  the  purely  chronological  arrangement  formerly  adopted,  by 
a  classification  which  enables  one  to  perceive  the  relations  of  this 
series  of  planetary  bodies. 

M.  Daubree  has  adopted  four  great  divisions,  to  each  of  which  he 
has  given  particular  names,  whieh,  although  somewhat  new  and 
complicated,  are  intended  to  facililBte  the  study  of  these  bodies. 

It  is  exclusively  the  solid,  or  coherent  meteorites  which  axe 
classified,  leavii^  out  of  consideration  the  gaseous  or  liquid  matten 
which  may  accompany  the  solid  masses,  and  also  the  £bJ1s  of  powder 
which  have  sometimes  been  recognised.  Metallic  iron,  which  is  ab- 
sent in  all  terrestrial  rocks  [?],  and  is  found  in  nearly  sdl  meteorites, 
has  afforded  the  most  natural  basis  for  the  great  divisions,  both  as  to 
its  arrangement  and  mode  of  association  with  the  stony  matter,  as 
by  its  relative  proportion.  The  term  Siderites  is  proposed  for  the 
meteorites  containing  metallic  iron,  and  Asiderites  for  those  without 
it  The  Siderites  may  be  deprived  of  all  stony  matter,  or  contain  it 
in  the  most  minute  quantity  ;  these  masses  comprise  the  group 
HolosidereSy  corresponding  to  the  meteoric  irons  properly  so-called ; 
as,  for  example,  the  masses  of  Caille  and  Charcas.  When  the 
Siderites  contain  silicates,  the  iron  may  exist  as  a  canHrmous  mass, 
similar  to  a  sponge,  the  stony  matter  occupying  the  vacnities;  or 
the  iron  may  occur  in  more  or  less  large  grains,  disseminated  in  the 
stony  matrix.  In  the  first  case  the  Siderites  belong  to  the  division 
Syssideres ;  in  the  second  to  that  of  Sporadosiddres.  The  Syssideres 
may  contain  the  stony  matter  in  two  states,  corresponding  to  those 
indicated  for  the  iron ;  either  in  distinct,  disseminated  grains,  as  is 
observed  in  the  iron  of  PaUas,  in  that  of  Atacama,  in  that  of  Tuczon,^ 
etc. ;  or  in  the  form  of  a  continuous  mass,  entangled  as  a  network 
with  the  iron,  similar  to  that  of  the  iron  of  Eittersgnin.  The 
division  of  Sporadosideres  contains  the  greatest  number  of  known 
meteorites.  For  the  convenience  of  study,  M.  Daubree  has  divided 
them  into  three  sub-groups,  under  the  names  of  Polysideres,  OUgo- 

^  The  specimen  from  Tuczon,  in  the  Britiflh  Moseam,  proflented  bj  titie  town- 
authorities  of  San  F^nnoisco,  1863,  shoiro  that  thii  metaorile  ahould  be'daned  with 
the  SuieriUa.-~J.  M. 
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sid^eSy  and  Cryptosideres,  according  as  the  iron  is — ^in  great  qnan- 
tity  (Sierra  del  Ghaco) ;  in  small  quantity  (Saint-Mesmin,  Aumale, 
etc.);  or  in  indiscernible  proportion  (Juvinas,  Chassigny).  These 
sub-divisions  are  far  from  having  the  same  value;  but  they  each 
correspond  to  sensible  variations  in  the  density. 

The  fourth  sub-division  of  coherent  meteorites  is  that  of  Andres, 
corresponding  to  the  AsideriteSy  which  is  characterized  by  the  ab- 
sence of  metallic  iron.  The  number  of  specimens  of  this  latter 
group  is  very  limited,  and  nearly  restricted  to  the  carbonaceous 
meteorites  (Alais,  Orgueil).  Such  is  the  principle  on  which  the 
classification  is  based ;  the  differences  and  relations  which  are  found 
in  the  two  types  of  meteorites  are  shown  in  the  preceding  table. 

Note. — ^The  meteorite  of  Sierra  del  Chaco  noticed  above  resembles, 
according  to  M.  Gustav  Bose,  that  of  Hainholz,  described  by 
Reichenbach.  Both  are  very  different  from  other  meteorites;  they 
present  the  remarkable  peculiarity  of  containing  Augite,  which  is 
not  accompanied  by  anorthite,  as  in  the  meteorite  of  Juvenas,  but 
which  is,  on  the  contrary,  associated  with  iron  containing  nickel, 
with  peridot,  and  magnetic  pyrites.  Besides,  the  nickel,  iron,  and 
pyrites,  on  the  one  hand,  and  the  peridot  and  augite  on  the  other, 
occur  in  nearly  equal  proportions.  For  these  meteorites  M.  Bose 
has  proposed  a  special  name,  that  of  mesosiderites}  The  arrange- 
ment of  the  meteorites  in  the  museum  of  the  Berlin  University,  by 
M.  G.  Bose,  is  based  on  their  mineral  character,  and  forms  two 
divisions — the  metallic  and  the  stony  meteorites,  the  first  containing 
meteoric  iron  and  the  Pallasite,  the  second  the  Chondrites,  Howardites, 
Chassignites,  Chladnites,  and  lastly  the  Eukrites,  which  contain 
augite  as  well  as  anorthite.  The  meteorites  of  Alais  and  the  Cape 
(and  we  may  add  that  from  Australia)  contain  carbon,  and  form 
with  the  mcsosiderites  two  other  groups. 

We  may  here  refer  to  the  collection  of  meteorites  in  the  British 
Museum,  which,  under  the  able  direction  of  the  present  keeper,  has 
been  so  greatly  augmented  that  it  now  stands  unrivalled  both  for 
extent  and  value  of  the  specimens,  the  nmnber  being  about  2G0. 
They  are  arranged  in  two  cases ;  one  contains  the  stony  varieties  or 
Aerolites,  characterized  by  the  presence  of  minute  stony  spherules. 
These  are  the  Chondrites,  Howardites,  Chassignites,  etc.  They  all 
contain  meteoric  iron  in  fine  particles  disseminated  through  ^em. 
In  the  other  case  are  displayed  the  Siderolites  and  the  Aero-siderites. 
The  former  are  masses  of  meteoric  iron,  containing  stony  matter  ;  the 
latter  consist  of  the  metallic  alloy  of  iron  and  nickel,  with  small 
amounts  of  other  metals  known  as  "meteoric  iron."  They  also 
contain  mechanical  admixtures  of  compounds  of  these  metals  with 
phosphorus  and  with  sulphur. — J.  M. 

1  Vide  Soiby  on  the  microscopical  structure  of  meteorites.  Proo.  Roy.  Soc.,  Jane, 
1864. 
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Selubxa.  By  Sir  BoDXsicnE  L  HuBomfloir,  Bart.,  E.C.B.,  eta, 
etc.  [Thiid  Edition.]  Fourth  Edition,  indnding  the  ''  Silurian 
System."  With  a  map,  much  new  matter,  and  many  illnatra- 
tionfl.    Svo.    1867. 

AS  ita  title-page  explains,  this  work  ooxurista  of  ''A  History  of  the 
Oldest  Bocks  in  the  British  Isles  and  other  oomitries ;  with 
sketches  of  the  origin  and  distribution  of  native  gold,  the  general 
sooeession  of  geolo^cal  formations,  and  changes  of  the  earth's  sur- 
£u»," — subjects  which,  we  all  know,  have  long  ranked  high  as 
£iTourites  among  Sir  Boderick's  many  scientific  researches,  and  have 
had  his  earnest  attention  for  many  (some  for  nearly  fifty)  years. 
Again,  then,  has  this  veteran  geologist,  coming  to  tiie  front  with 
unabated  energy  and  enlarged  experience,  applied  his  native  acumen 
and  dear  judgment,  his  knowledge  of  detoils  and  power  of  gene- 
ralization, to  describe  and  elucidate  the  older  rock-formations — ^the 
foundation-stones  of  half  the  globe,  and  to  give  the  history  of  the 
Bttooessive  systems  of  primasval  life,  as  shown  by  the  Palasozoic  Bocks 
and  Fossils  of  Oreat  Britain  and  many  other  parts  of  tiie  world. 

Like  all  historians.  Sir  Boderick  has  had  to  apply  to  others  for 
many  data  and  for  collateral  information ;  and  thii9  he  has  received 
abundantly,  and  with  justice  fully  acknowledged;  indeed,  he  has 
taken  pleasure  in  enumerating  his  helping  friends  and  coUaborateurB 
in  his  Preface  (where  upwards  of  twenty  are  mentioned),  and  his 
Index  is  rich  with  the  names  of  authors  and  discoverers  who  have 
been  quoted  or  referred  to  in  furtherance  of  his  work. 

Furnished  wilh  the  latest  information  from  all  sides,  and  enriched 
with  the  results  of  his  own  labours  during  the  last  ten  years,  he  has 
carefully  considered  the  rapidly  accumulated  facts  and  opinions  re- 
lating to  palaeozoic  geology,  and  has  produced,  as  we  might  expect, 
a  most  valuable  digest  of  all  that  is  known  of  Laurentian,  Cambrian, 
SQorian,  Devonian,  Carboniferous,  and  Permian  Eocks  and  Fossils,^— 
well  written,  well  printed,  and  well  illustrated ;  and  supplemented, 
moreover,  with  chapters  on  the  geology  of  gold  and  the  philosophy 
of  geology. 

In  the  previous  edition  of  "  Siluria,"  Sir  Roderick  was  enabled  to 

lead  the  geologist  to  a  still  lower  stage  in  the  rock-structure  of  the 

British  Islands  than  had  been  previously  recognized,  namely,  to  what 

he  then  termed  the  "Fundamental  Gneiss,*'  which  comes  out  at 

Cape  Wrath  and  the  Lewis,  and  underlies  the  great  Cambrian  masses 

of  Bofls-shire  (once  thought  to  be ''  Old  Bed  Conglomerate"),  and  the 

superposed  Silurian  quartzites  and  schists  of  Assynt,  which,  though 

disguised  by  metamorphism,  were  clearly  recognised   by  the  few 

fossils  in  their  scanty  seams  of  limestone.     In  the  present  edition  Sir 

fioderick  gives  us  a  still  larger,  and  at  the  same  time  more  intimate, 

view  of  these  oldest  and  lowest  rock-masses,  which,   once  muds, 

sands,  and  reefs,  have  long  since  been  changed  into  crystalline  gneiss 

and  marble,  and  now  constitute  wide  lands  in  North  America  and 

elsewhere.     Sir  W.  E.  Logan  and  his  associates  in  the  Geological 
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Survey  of  Canada  have  labofrioiislj  mapped  and,  as  it  were,  unravelled 
(besides  the  many  thonsand  feet  of  Lower  Carboniferous,  Devonian, 
and  Silorian  strata  of  that  conntiy) — a  great  lower  series  of  qnart- 
tites,  chloritic  schists,  clay-slates,  marble,  and  bedded  diorites,  alto- 
gether 18,000  feet  thick,  and  called  by  them  "Huronian"  (probably 
equivalent  to  our  "  Cambrian"  rocks)  ;  and  inferior  still  to  this,  they 
recognised  the  great  ''Laurentian  System,"  Upper  and  Lower. 
The  upper  portion  consists  of  the  wide  and  crumpled  sheets  of  hyper- 
sthene  and  dark  felspathic  rock  so  diaracteristic  of  Labrador,  with 
gneiss  and  imbedded  marble,  altogether  10,000  feet  thick  ;  and  this, 
as  a  really  stratified  though  metamorphosed  formation,  ''rests  un- 
oonformably  on  the  worn  edges  of  a  still  older  group  of  gneiss, 
quartzites,  conglomerate,  and  marble,  20,000  feet  thick  at  leasts 
crumpled  and  ciystalline,  converted  here  and  there  into  granite,  and 
traversed  by  intrusive  syenites  and  greenstones.'*  These  Lower 
Laurentian  rocks  are  not  only  the  di^uised  sands,  days,  shingle^ 
and  calcareous  sea-beds  of  the  primseval  earth,  but  bear  witness  to 
the  life  of  the  period ;  for  their  seams  of  Graphite  represent  coal  or 
other  carbonaceous  layers  of  animal  or  of  vegetable  origin, — their 
apatite,  fluor,  iron-oxide,  and  pyrites  "  have  reference  probably  to 
former  animal  organisms  and  their  decompositions," — ^worm-tubes 
occur  in  the  schists, — and,  besides  obscure  fragments  like  those  of 
crinoids,  corals,  and  shells,  the  structure  of  a  real  Foraminifer  has 
been  detected  by  Logan  and  Dawson  in  these  old  Laurentian  Ifme- 
stones.  Similar  in  relative  position  and  in  structure  to  that  of 
Canada,  the  gneiss  of  Cape  Wrath  and  the  Lewis  belongs  to  Sir 
William  Logan's  well-established  "  Laurentian  System ;"  and,  grace- 
fully acknowledging  his  friend's  hard- won  discovery  of  this  the 
earliest  stage  of  the  earth's  terraqueous  history,  Sir  Boderick  thus 
dedicates  this  new  edition  of  his  work — "  To  the  geologist  who  has 
not  only  applied  my  (Silurian)  classification  to  the  vast  regions  of 
British  North  America,  but  has  taught  us  by  his  recent  important 
researches  that  the  Laurentian  Bocks  constitute  the  foundation-stones 
of  all  PalsBOzoic  deposits  in  the  crust  of  the  globe,  wherever  tteir 
foundations  are  known." 

The  condition  of  these  old  schists  and  gneiss  in  Bavaria  and 
Bohemia  are  carefully  treated  of,  and  indications  of  their  existence 
in  Norway,  Spitzbergen,  Finland,  and  elsewhere  are  given  in 
«  Siluria." 

The  nature,  structure,  and  special  features  of  the  Cambrian  rocks 
of  the  Longmynd,  26,000  feet  thick,  of  Harlech  and  Llanbenris,  of 
Anglesea  (where  they  are  metamoi^hosed),  of  the  North- Westem 
Highlands,  of  Norway,  Bohemia,  and  elsewhere,  are  next  Mlj 
described  and  freely  illustrated.  These  were  once  the  Bottam'-rodn, 
— these  were  onco  "Azoic;"  but  now  the  disentanglement  of  the 
so-called  systems  of  mica-schist,  slate,  and  gneiss,  has  opened  out 
the  above-mentioned  30,000  feet  of  stUl  lower  stratified  formations 
(Laurentian) ;  and  the  discovery  of  fucoids,  worm-burrows,  the 
Oldhamia,  a  Lingula,  and  a  Trilobite,  has  partially,  at  leasts  eduoed 
the  fauna  and  flora  of  these  old  Cambrian  times. 
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Tb»  nexfc  overiying  stage  of  deporiis  is  represented  by  the  suoees- 
■on  of  flagstones,  grits,  and  fossilLferous  sohists,  6,000  feet  (?)  thick, 
long  known  as  the  "  Lingiila-flags ;"  but  as  their  chief  *'  Lingolaa '' 
are  UmgMUm^  and  as  Lingvim  abound  also  elsewhere,  Horohison 
lefen  to  them  as  "  Primoxdial  Silurian,"  after  Barrande's  name  of 
'^  Primordial  Zone.*'  They  flank  both  the  Longmynd  and  the 
HalTem  Hills  on  their  western  sides,  comprising  the  "Holybush 
Sandstone''  and  Olenus-shale  of  ihe  Halvems ;  they  enter  into  the 
eonstitution  both  of  Snowdon  and  of  Cader  Idris,  on  either  side  of  the 
Harlech  anticline ;  and  ^ey  form  the  two  great  corresponding  pro- 
montories of  Caernarvon  and  Pembrokeshire.  "This  great  series 
of  Lin^^ula-flags,  so  well  developed  in  Wales,  is  the  zone  which,  in 
Bohemia,  through  the  enlightened  researches  of  Mr.  Barrande,  has 
proved  to  be  the  basis  of  all  Silurian  life,  and  which  therefore 
leceived  from  him  the  name  of  '  Primordial'  It  is,  indeed,  clear 
that  the  fauna  of  this  zone  merits  all  the  importance  attached  to  it 
by  its  eminent  founder,  since  we  have  now  ascertained  that,  such  as 
he  has  described  it,  the  group  exists  in  America,  Scandinavia, 
Belgium,  and  Spain,  as  well  as  in  the  British  Isles  and  Bohemia  " 
(p.  47).  This  ''  Primordial  Zone  "  is  grouped  by  Sedgwick,  Salter, 
nd  Lyell  as  the  wpper  portion  of  the  Cambrian  system ;  but  with 
Mnrohison's  ''Cambrian  these  Lingulella-flags  have  nothing  in 
common,  except  that  one  small  Lingula  {L.  ferrugineaf  var.  ovaiU), 
ind  one  Trilobite  (PcUaopyge  Bamsayi)  have  been  found  in  the  latter, 
abowing  that  the  life  of  the  Lower  Palceozoic  era  had  then  already 
oommenced. 

The  Llandeilo  formation,  very  rich  in  Graptolites,  Trilobites,  and 
other  fossils,  and  upwards  of  5,000  feet  thick  (including  its  inter- 
calated lavas  and  ash-beds  of  contemporaneous  volcanic  origin),  next 
Buooeeds,  forming  a  large  part  of  Wales,  and  well  represented 
abroad.  The  lower  portion  of  this  series  has  been  divided  off  by 
other  systematist49  as  the  "  Tremadoc  Slates,"  but  Sir  Eoderick  re- 
girds  the  latter  as  real  passage-beds  between  the  Primordial  Zone  and 
the  Llandeilo  flags,  and  inseparable  in  classification. 

The  Caradoc  or  Caradoc-Bala  beds  (4.000  feet  in  Shropshire,  and 
thickened  with  upwards  of  3,000  feet  of  contemporaneous  volcanic 
fock  in  North  Wales)  are  next  described,  with  their  many  Brachio- 
pods,  Trilobites,  etc.     Lying  on  the  Llandeilo  flags  (and,  indeed, 
formed  in  the  shallowing  sea,  which  at  first,  when  deeper,  origi- 
nated these  latter  shales  and  flagstones),   the  Caradoc   beds  cap 
Snowdon,  and  largely  participate  in  forming  the  northern,  central, 
and  south-western  districts  of  Wales  and  the  border-counties  in- 
elnded  in  Murchison's  original  "  Siluria,"  or  land  of  the  old  British 
Silmrea  of  Caractacus.     This   Silurian  formation  being  shore-beds 
and  sandy  towards  the   east,  its  numerous  shells  have  left  only 
oasts  and  moulds  in  the  '^  Caradoc  Sandstone ;"  but  the  more  muddy 
beds  of  the  western  and  northern  parts  of  the  area  have  preserved 
the  calcareous  matter  of  the  shells  and  corals  more  perfectly  in  the 
"Bala  Limestone."     Such  a  difiference  of  character,  further  modified 
by  the  intercalation  of  volcanic  ash-beds,  was  originally  a  hindrance 
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in  the  recogmtion  of  the  geological  identity  of  the  seTeiaL  parts  of 
this  important  group. 

In  the  next  set  of  deposits  (the  Llandovery),  sandstones  snooeed 
schistose  and  slaty  Caradoc  beds  in  Sonth  Wales;  and  are  there 
divisible  into  Lower  and  Upper  (at  Noeth  Ghiig) ;  and  the  Upper 
Llandovery  is  again  found  in  Badnorshire  and  the  border  counties, 
without  the  Lower  member.  Often  full  of  the  casts  and  moulds  of 
fossils,  as  is  the  case  also  with  the  Caradoc  Sandstone,  the  Llan- 
dovery beds  have  been  mistaken  for  it, — especially  the  Upper 
Llandovery  Sandstone  of  May  Hill;  but  the  fossils  are  mostly 
distinct  in  species,  and  Pentameri  abound  so  much  that  they  form  a 
coarse  calcareous  band  (Hollies  Limestone)  on  the  western  side  of 
the  Worcestershire  Beacon.  The  Llandovery  beds  are  "Middle 
Silurian,*'  but  not  distinctly  separate  from  the  Caradoc  below  and  the 
Wenlock  formation  above, — their  fossils  being  not  very  often  "  pe- 
culiar," some  being  found  above,  some  below,  and  some  both  in  upper 
and  lower  formations;  but  those  of  the  upper  part  of  the  group 
more  especially  have  alliances  in  tlie  Upper  Silurian  formations 
which  next  come  to  be  described.  The  **Tarannon  Shales'*  are 
also  mentioned  as  either  occupying,  in  North  Wales,  the  place  of  the 
Upper  Llandovery  Sandstone,  or  forming  part  of  the  next  serieB 
(Wenlock  formation),  the  local  member  of  which,  or  the  **  Denbigh- 
shire Grits,"  there  lies  conformably  upon  them,  passing  upwards 
into  ordinary  Wenlock  Shale.  This  last^  with  its  two  interbedded 
limestones, — the  lower  and  thinner  band  being  known  as  the  "Wool- 
hope  Limestone,"  whilst  the  upper  calcareous  layers  have  the  name 
of  Wenlock  or  Dudley  Limestone, — is  the  subject  of  an  interesting 
chapter,  which  illustrates  also  the  structure  of  the  Wren's  Nest  and 
the  curious  Woolhope  Valley  of  Elevation ;  just  as  in  the  oourse  of 
the  earlier  chapters  the  physical  features  of  Snowdon,  the  Breidden 
Hills,  Caer  Cai-adoc,  the  Malvems,  the  Stiper  Stones,  and  the  Long- 
mynd  are  elucidated  in  connection  with  their  geological  structure. 

The  Ludlow  formation,  including  the  Aymestry  Limestone  as  its 
middle  member,  comes  next.  The  information  obtained  of  late 
years  respecting  its  uppermost  portion,  whereby  it  passes  upwards 
into  the  Devonian  Sandstones  of  Herefordshire,  is  reduced  to  order 
in  chap.  vii. ;  and  the  interesting  discovery  of  the  remains  of  a  fish 
{Pteraspts  Liidensis)  in  the  Lower  Ludlow  beds  at  Leintwardine— 
the  oldest  vertebrate  known — ^is  alluded  to. 

The  Silurian  rocks  of  other  parts  of  Britain,  beyond  Ihe  typical 
region  of  "  Siluria,"  namely,  in  Cornwall,  the  North-west  of  £}ng- 
land,  Scotland,  and  Ireland,  are  studied  in  chapter  viii.  Here  we 
see  how  greatly  our  knowledge  of  Ayrshire  and  Edinburghshire 
has  been  advanced  by  the  Greological  Surveyors  and  others;  hers 
also  we  have  the  history  and  relationships  of  the  Lower  Silurian 
schists,  quartzites,  and  limestone  of  the  Scottish  Highlands  dearly 
explained,  as  well  as  the  Silurian  series  of  Ireland,  and  its  relation 
to  the  overlying  Lower  Devonian  beds. 

The  next  two  chapters  are  devoted  to  an  illustrated  systematic 
account  of  the  characters  and  distribution  of  the  organic  remains 
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iBOid  m  file  TjOfWBt,  Middle,  and  Upper  SQariaii  fcrmetkHie;  bal 
tele  «re  eleo  notioee  and  woodoots  of  Chrqitolit60»  SfettfUhes^  Bniy- 
pletidSy  Canl%  tad  many  other  lb«QB  in  the  earlier  ehapter0» 
vtere  iliej  omne  in  ae  diaractoriitio  of  the  eteafta  there  treated  of— 
Ihara  an  oAen  aoatterad  throng^  the  after-portion  of  the  work — and 
Aa  jlfipendix  eontaina  not  onhr  enppleniental  palmmfcdogioal  notea^ 
hofc  a  0od  aynopeia  of  the  Oraptolitea  (bv  Mr.  Oairathen),  and 
an  elamnto  Table   of  Biitiah  Klwian  foeails,  aa  now  known, 
daanfied  aoologioally,  and  referred  to  their  reapeotife  fonnatioDB. 
TUa  TWfale  waa  greatly  improved  and  augmented  in  the  Seoond 
Edition  bj  Mr.  Swer ;  and  now,  in  tiie  Thi^  it  baa  reoeiTed  neiriy 
SOO  additional  apeoiea.    At  the  aame  time,  we  may  notioe  that 
aeveral  poUiahed  speoiea  are  omitted,  beoanee  a  earefol  examination 
baa  abown  their  identity  with  othera  pierioiialy  deaoribed ;  and  the 
atadent  will  obaenre  alao  **  that  many  of  the  long^known  namea  of 
Sliiriaa  Ibaaila  have  been  exchanged  for  more  correct  naaaa,  accord- 
ing to  the  recent  determinationa  of  their  real  alliancea,  often  obeoure 
befiraep  and  only  establiahed  on  the  diacovery  of  more  peifect 
mmmenay  and  by  an  extended  knowledge  of  extinct  fonos  of  life.** 
TUa  reviaed  Table  baa  been  prepared  by  Mr.  Etberidge,  aaaiated  by 
ProfBaaore  Morria  and  Jonee,  wno  haye  had  the  help  of  Davidaoa, 
H.  Woodward,  Garrutbera,  and  Dnnoan,  in  their  special  anbjeota  of 
Bmcbiopoda,  Cmetacea,  Graptolites,  and  Oorale ;  and  they  haye  had 
also  the  benefit  of  Mr.  Salterns  latest  researches  in  Silnrian  Trilobitea, 
Mollnaca,  etc.,  as  well  as  the  tnanilbld  labours  of  Barrande,  James 
Hall,  Billings,  M'Coy,  Baily,  Edgell,  HoU,  and  others,  both  at  home 
and  abroad.    Not  only  in  me  Table,  but  in  the  body  of  the  work, 
and  in  the  Explanations  of  the  Plates,  the  improved  nomenolatnre 
has  been  adopted  (a  few  exceptions  are  indicated  in  the  list  of 
Errata),  many  old  names  Laving  been  '*  exchanged  for  others  more 
correct  as  to  generic  and  specific  afBnities,  or  entitled  to  use  by 
priority." 

The  life-history  of  the  Silurian  age  has  thus  been  greatly  eluci- 

teed,  not  only  by  the  better  Ecological  and  geological  classification 

of  the  known  fossils,   but  by  the   tnany   new  forms   (especially 

ai  ParadoxiffeSf  Conocuryphe,  and  other  Trilobites)  obtained  from  the 

Lingulella-flags   ("Primordial    Zone"),   and    from  the  Tremadoo 

Blates,  by  Messrs.  Salter,  Hicks,  Homfray.  and  Ash  (p.  202,  etc.), 

indicating  the  succession  of  a  deep  sea,  alive  with  Invertebrates,  to 

the  almost  barren  shoal  waters   that  deposited  the  "  Cambrian " 

nnds  and  sands,  with  no  trace  of  former  life  in  them  in  Canada  and 

Scotland,  with  a  minute  LtnguleUa  at  David's,  and  with  little  enough 

where  the  Longmynd  has  raised  up  the  old  schistose,  rippled,  sun- 

CRu;ked,  and  burrowed  mud-banks,  as  part  of  the  "  Silnrian  "  land. 

For  both  the  earlier  and   the  later  formations  of  the  Silurian 

tjstem,  their  life-history  is  also  made  clearer  by  the  increased  number 

of  Trilobites  worked  out  by  Salter,  Eurypterids  by  H.  Woodward, 

small  Entomostraca  by  Jones  and  Holl,  Brachiopods  by  Davidson, 

Graptf)lites  by  Carruthers  and  Nicholson,  etc.     There  will  be  dif- 

ftrencea  of  opinion  as  to  the  exact  allocation  of  acme  of  the  now . 
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names,  and  of  some  of  the  accepted  zoological  views,  in  this  Edition ; 
but  evidently  great  care  has  been  taken  in  the  laborious  task  of  col- 
lating books,  figures,  and  fossils;  and  Sir  Roderick,  as  in  former 
Editions,  has  been  careful  to  secure  the  same  painstaking  and  con- 
scientious work  in  the  p£d8EK)ntology  as  he  himself  has  bestowed  in 
the  history  and  physical  geology  of  these  the  oldest  rocks  of  the 
British  Isles. 

We  have  space  for  but  few  remarks  on  points  which  are  of  interest  to 
paleeontologists.  The  Table  opens  with  "  Plantae,"  but  we  expect  that 
the  Spongaria  given  under  that  head  will  prove  to  be  casts  of  isolated 
septa  of  OrthoceroB.  Actinophyllum  is  like  a  radiating  burrow -mark  ; 
and  occurs  also  in  the  Lower  Greensand  of  the  Isle  of  Wight  (Mr. 
Beckles*  Collection).  There  is  some  confusion  in  applying  the  term 
Salterella  to  the  tube-like  fossils  at  p.  166,  if  the  latter  be  due  either 
to  Annelids  or  Crustacea  (as  seems  to  be  indicated) ;  for  Mr.  Billings 
gave  the  name  to  a  Pteropod.  As  for  "  Annelids,"  "  Annelid-mark- 
ings," and  ^'Fucoids,"  we  are  glad  to  see  an  inclination  to  refer 
some  of  them  to  the  trails  and  burrows  of  Crustacea  (p.  166  and  p. 
201) ;  and  in  this  respect  a  reference  to  Dr.  Dawson's  RmophyeiLs 
(allied  to  some  forms  of  Bilohites)j  and  his  opinion  as  to  its  being  the 
mark  of  a  burrow-chamber  of  a  Trilobite  would  have  been  interest- 
ing to  Silurian  students. 

The  old  fossil  fish  (the  earliest  Vertebrate)  discovered  by  Mr. 
Lee  at  Leintwardine,  in  the  Lower  Ludlow  formation,  is  alluded 
to  at  pages  126,  133,  and  477,  as  a  Pteraspis;  it  was  referred  to 
in  1864  by  Mr.  E.  E.  Lankester  (Brit.  Assoc.  Report)  as  Seapluuptf 
LudensiSf  whilst  Pteraspis  truncatus  (figured  at  p.  240)  is  also  a 
ScaphaspiSf  and  Ft.  Banksii  is  a  Cyathaspis  according  to  the  same 
authority.  Inadvertently  this  oldest  species  of  Fish,  and  the  refer- 
ence to  Mr.  Salter's  original  description  of  it  as  Pteraspis  Ludensis, 
in  the  "  Annals  Nat.  Hist"  of  July,  1859,  have  been  omitted  in  the 
Table  at  p.  636— an  important  but  evidently  accidental  omission. 

Recurring  to  the  body  of  the  work,  with  chapter  xi.  we  enter  on 
the  Devonian  rocks  and  Old  Red  Sandstone.  Mr.  Greikie's  clear 
explanation  of  the  structure  of  the  Lower  and  Upper  Old  Red  be- 
tween the  Cheviots  and  the  Grampians  is  the  first  new  point  of 
interest  in  this  chapter;  a  succinct  re-written  account  of  the  Old 
Red  Sandstone  of  North-eastern  Scotland  follows ;  and  the  good 
palsBontological  reasons  for  excluding  the  Telerpeton,  StaganoUpis^  and 
Hyperodapedon  of  Elgin  from  the  Old  Red  category  are  fairly  stated. 
Of  so  great  importance  is  this  matter  to  geologists  in  general  that 
we  here  reprint  the  supplemental  Notice  (dated  Oct  30th,  1867) 
issued  with  the  New  Edition  of  "  Siluria  ": — 

"  The  reader  of  this  edition  will  find  that  a  very  important  change 
has  been  made  in  my  views  as  given  in  former  editions,  respecting 
the  age  of  the  Upper  Sandstones  of  Elgin  and  Ross-shire,  which  I 
have  hitherto  classed  with  the  Devonian  or  Old  Red  Sandstone.  My 
previous  conclusion  was  founded  entirely  on  the  strong  natural  evi- 
dence presented  to  me  by  the  conformable  superposition  of  those 
beds  to  the  stxata  of  the  inferior  and  unequivocal  Old  Red  Sandstone 
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"Kplete  with  ite  Trell-known  fooils.  Thii  t^nion  wu  oonflnqedby 
the  examinntion  of  tlie  rocka  in  qoMtion  l^  Frofenor  Buony,  Fzo>- 
feasor  Harkn«e8,  the  Hcv.  George  Qordon,  the  fiev.  J.  H.  JooWi  ftnd 

"Hw  ezistmoe,  in  strsta  of  Deronian'  age,  of  lepfales  of  w  hi^ 
.ft  daM  M  the  Talwpeton  (me  fig.  73  in  m;  last  edition,  p.  369)  ud 
"^  nolepifl  WW  not,  indeed,  admitted  by  me  without  neat 
I,  ioMmaeh  as,  if  eTentually  snbetantiated,  it  wosld  tuif» 
1  the  main  argmnent  that  runs  through  all  my  writing!^ 
iriiitdi  Bbow§  a  r^nlar  progieuion  &om  lower  to  higher  g;rades  of 
•nimala,  in  uoending  from  the  older  to  the  yonnger  fonnatiom. 
If  oat  joyfoUy,  therefore,  did  I  weloome  the  remarkable  identificatiaa 
by  Fiofeaeor  Hnxley  of  the  Hypeiodapedrak  of  the  New  Bed  Sand- 
■tone  of  WarwijjluhiTe  with  &o  Hypoodapedon  of  Elgin;  and 
bowii^  aa  I  haTe  always  done,  to  olear  palteontologioal  proof,  I  ha'va 
now  exolnded  all  that  portion  of  my  former  editiona  which  placed 
,dieae  reptJlea  in  the  Old  Bed  Bandatone. 

"  Hie  importanoe  ot  this  i«otifioation,  due  to  my  eminent  aesooiatek 
haa  Teiy  recently  isceived  a  wide  extenaioii ;  for  among  the  foaiQ 
remains  ooUected  in  India  by  the  late  Bev.  S.  Hielop,  PiofeMor    ' 
Hnxl^  haa  alao  found  the  Hyperodapedcm. 

"The  formation  in  India  containing  this  reptile  has  been  oon- 
ddered  by  Professor  Oldham,  the  Director  of  Ihe  Indian  Qedogioal 
Snrrcy,  to  be  either  the  Trias  (New  Bed  Sandstone)  or  the  repre- 
sentative of  an  intermede  between  the  Palawzoic  and  Mesozoio  rooks. 
In  all  probability  this  correlation  will  have  to  be  extended  to  South 
Africa,  since  one  of  the  characteristic  fossil  reptiles  of  that  country, 
the  Dicynodon,  has  been  found  in  the  Banigunj  beds  of  this  age  in 

The  Devonian  rocks  of  Coruwall,  Devon,  and  Ireland  have  evi- 
dently received  the  most  careful  attention  in  this  revised  chapter  xi., 
Ur.  Jokee's  uew  views  of  the  relationa  of  these  rocks  having  required 
special  consideration.  With  a  clear  knowledge  of  all  former  re- 
Marches,  and  supported  by  Messrs.  Salter  and  Etheridge'a  late 
examinations  of  the  strata  and  foesils,  Sir  Boderick  groups  the  upper 
portion  of  the  Barnstaple  band  only  with  the  Lower  Carboniferous 
Idmestone-shale,  the  Devonian  formations  ending  with  the  Filton 
ud  Harwood  series,  the  latter  of  which  may  be  the  equivalent  of 
the  "  Coomhola  Qrite"  of  the  South  of  Ireland.  In  Dingle,  South- 
eastern Ireland,  the  Lower  Devonian  schists,  slates,  grits,  and  sand- 
itones  lie  comfoimably  on  the  Upper  Siliirian  ;  and  on  these  "  Glen- 
gsriff  Grits"  (the  Middle  Devonian  being  absent)  the  Upper  Old  Bed 
leets  unconformably,  and  passes  upwards  into  the  Carboniferous 
Beries, — a  condition  of  things  analogous  to  what  is  seen  in  the  Pent- 
land  Hills. 

Chapter  lii.  treats  briefly  but  compreheuBively  of  the  Coal-fields 
of  Great  Britain  and  Ireland.  Mr.  Geikie  has  supplied  a  succinct 
account  of  the  Carboniferous  series  in  Scotland,  as  worked  out  by 
the  Geological  Survey.  Of  the  Lower  Carboniferous  Rooks  of  Ire- 
land, it  is  remarked  that  it  is  their  "  strong  litholc^cal  resemblance 
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view  the  best  of  the  old-fashioned  thoughts  and  ripe  opinions,  whilst 
Ice-action  is  everything  to  some, — whilst  Rain-action  is  the  universal 
agent  with  these,  and  Sea- waves  with  those, — whilst  Negative  Evi- 
dence is  the  bug-bear  of  one  party,  Homotaxis  a  puzzle  for  another, — 
the  gradual  out-coming  of  new  forms  the  belief  of  some,  and  the 
uniformity  of  nature,  both  physical  and  vital,  the  dogma  of  others. 

Once  more,  then,  geologists  have  to  welcome  a  revised  edition  of 
one  of  the  most  valuable  of  geological  works,  which,  only  by  the 
use  of  much  small  type,  has  been  made  to  contain  within  reasonable 
compass  the  great  number  of  important  additions  to  his  Science  that 
the  author  has  had  to  notice.  The  many  counties  in  England,  Wales, 
Scotland,  and  Ireland  that  have  their  stnicture  elucidated  and  their 
mineral  wealth  more  or  less  treated  of  in  this  book,  must  all  supply 
many  students  and  thankful  readers.  The  traveller  finds  it  of  use, 
not  only  in  Europe  and  North  America,  but  in  other  parts  of  the 
world;  indeed,  an  educated  man  anywhere  can  find  something  of 
interest  in  its  less  technical  pages.  The  geologist  proper  well  knows 
its  value  ;  for,  though  he  may  here  and  there  find  more  of  the  per- 
sonal history  of  Silurian  research  than  he  cares  for,  yet  never,  per- 
haps, will  another  such  work  be  produced,  in  illustration  of  the  sub- 
ject-matter it  treats  of,  characterized  by  so  full  and  perfect  an  associa- 
tion of  the  results  arrived  at  by  co-operating  geologists,  of  all  nations, 
cbistered  round  a  worthy  centre — the  author  of  this  new  edition  of 
"  Siluria," — a  work  rich  in  good  facts,  well  arranged,  and  written 
by  an  earnest,  mature,  and  philosophic  mind. 


Geologioal  Society  op  London. — December  18th,  1867. — 
Warington  W.  Smyth,  M.A.,  F.R.S.,  President,  in  the  Chair.  The 
following  communications  were  read : — 1.  "  On  the  Parallel  Hoads 
of  Glen  Roy."     By  Sir  J.  Lubbock,  Bart.,  F.R.S.,  Pres.  Ent  Soa 

The  author  did  not  enter  into  the  question  as  to  the  manner  in 
which  the  valleys  were  filled  with  water,  but  assuming  that  the 
"  roads "  or  "  shelves "  represent  ancient  water  margins,  he  at- 
tempted to  point  out  the  manner  in  which  they  were  produced. 

The  theory  of  MaccuUoch,  which  has  been  adopted  by  Darwin, 
Lyell,  and  Jamieson,  is,  that  the  matter  brought  down  by  frost, 
rain,  etc.,  from  above,  was  aiTested  by  the  water,  and  heaped  up  by 
the  action  of  the  waves.  If  this  was  the  true  explanation,  however, 
Sir  John  argued  that  the  roads  would  form  an  excrescence  en  the 
slope  of  the  hill,  which  they  do  not ;  that  their  breadth  must  vary 
considerably ;  that  the  slope  of  the  roads  would  be  towards  the  hill ; 
and  that  the  roads  would  be  widest  where  the  inclination  of  the  hill 
is  less  than  usual,  and  where  streams  bring  down  matter  from  above; 
whereas,  on  the  contrary,  in  these  places  the  roads  disappear. 

In  opposition  to  this  theory,  Sir  John  then  argued  that  the  action 
of  the  waves,  under  such  circumstances,  would  be  to  throw  matter 
down,  and  not  up.  Given  a  slope  of  angular  debris  standing  at  the 
angle  of  repose,  partly  in  air  and  partly  in  water,  the  angle  will  be 
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»bont  the  samEi  throiighont,  because  the  atig!e  at  which  raat(«r  will 
stand  depends  partly  on  gravity  and  partly  on  friction.  Now,  se 
long  as  the  water  is  at  rest,  the  equilibrium  in  water  remains  as  in 
air ;  but  as  soon  as  the  water  ia  agitAted,  the  friction  is  dimbiishod, 
and  lite  angle  of  "repose  becomes  less.  In  Qther  words,  tbo  pebbles 
■re  »et  in  motion,  and  roll  don'n  the  hill. 

This  explains  the  equal  width  of  the  roads,  because  the  new  angle 
of  rep(i(.e  being  e[[Uii]  throughout,  and  thi>  dopth  to  which  the  agita- 
ticr.  .■xl.-ii,!,-.  WmiJi  .-ili'o  o.(iiiil.  llio  wiJMi  of  tlj.;  n-ad  must  Iw  wpial 
alao ;  and  when  onoe  the  new  slope  of  repose  was  acquired,  tha 
hDI-side  would  again  be  in  a  condition  of  equilibrimn,  and  l^e  road 
would  reoeive  no  further  enlargement,  however  long  the  water  mi^t 
■tand  at  tlie  same  level.  1^  explains  why  there  are  no  roada 
iriien  tlie  natural  rook  appeaiB,  or  when  the  hill-side  is  less  ferteep 
dtto  nmal ;  whereas,  if  the  roads  were  dne  to  a  heaping-np  action, 
of  cooiae  in  places  where  the  sides  weie  more  shelving  the  roads 
would  be  belter  marked.  We  can  also  thna  nnderBtaiidwhy  there 
are  no  rolled  pebblea  on  &e  roads ;  and  lastly,  as  the  lower  line  of 
&e  roada  marks  the  deptli  to  which  the  water  was  distnrbed,  we  oaa 
•ee  why  the  roads  become  narrower  wherever  they  are  steeper  than 

finally,  the  vertical  heigfat  of  the  roads— that  is  to  say,  the 
▼ertioai  difierence  between  ^ir  upper  and  lower  lines — gives  the 
measDre  of  the  depth  to  which  the  water  filling  the  valleys  was 
agitated,  and  affords  thus  an  additional  argument  in  favour  of  its 
having  been  that  of  a  lake,  as  in  a  tidal  sea  the  width  of  the  roads 
most  have  been  much  greater  than  it  ie. 

2.  "  Bemarks  on  the  Geological  Features  of  the  Northern  part  of 
Formosa  and  the  adjacent  Islands."  By  Cuthbert  CoUingwood, 
M.B.,  F.L.S.     Communicated  by  the  Assistant- Secretary. 

The  west  coast  of  Formosa  is  flat,  consisting  of  low  alluvial 
plains,  with  a  few  hills,  some  of  which  approach  ^e  coast ;  a  range 
of  mountains  runs  nearly  through  the  island.  Near  Tamsuy,  on  flie 
right  bonk  of  the  river,  is  a  thick  deposit  of  clay,  containing  boalders 
on  which  the  author  could  detect  no  traces  of  glacial  strite.  Higher 
np  the  river,  on  the  north  side,  hills  containing  sulphur-springs  rise 
from  the  plain.  On  the  north-eaet  side  of  the  island  sandstone 
extends  from  Masou  peninemla,  north  of  Eelung,  to  Petou  Point  on 
the  south-east.  The  harbour  of  Kelung  is  a  spacious  excavation  in 
the  sandstone,  wbicb  is  hollowed  out  into  numerous  caves;  and  Dr. 
CoUingwood  states  that  the  land  is  slowly  rieing,  blocks  of  water- 
worn  coral  being  found  above  high-water  mark,  Sano  Bay,  the 
only  harbour  on  the  east  coast,  is  protected  by  a  reef  composed  of 
trap-rock.  The  Pescadores  are  of  volcanic  origin,  and  are  composed 
of  basalt.  The  author  then  describes  Hai-tan,  and  the  islands  of 
Ciaig  and  Agincourt,  which  lie  to  the  north  of  Formosa,  as  well  as 
the  Pinnacle  Islands,  lying  still  further  north. 

3.  "On  some  Sources  of  Coal  in  the  Eastern  Hemisphere."  By 
Cuthlwrt  CoUingwood,  M.B.,  F.L.S. 

1.  Kd\i,ng,  Formota.  —The  coal  is  found  in  depressions  in  Bed  Saud- 
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the  lowest  rocks  of  the  Silurian  ;  in  \he  strata  of  the  Old  Red  Sand- 
stone the  schists  are  marked  with  the  little  microscopic  spots  where 
they  have  been.  In  many  limestones  they  are  well  preserved;  in 
the  Coal-series  they  are  so  abmidant  that  they  make  up  massive 
layers,  and  so  through  all  the  groups,  as  plentifully  in  the  marine  as 
in  the  fresh-water  beds.  Existing  as  they  did  in  such  vast  numbers 
in  the  waters  and  muds  of  the  ancient  seas  and  rivers,  it  necessarily 
follows  that  the  accumulated  shells  of  the  dead  specimens  should  far 
outnumber  the  living ;  and  when  we  examine  our  ponds,  etc.,  at  the 
present  day,  and  find  them  teeming  with  this  form  of  animal  life,  we 
may  understand  how  largely  these  minute  Crustacea  have  contributed 
to  form  the  carbonate  of  lime  in  the  various  rocks  above  mentioned. 
The  speaker  explained  how  new  forms  had  been  discovered  in  the 
mud  of  foreign  countries,  and  requested  his  hearers  to  induce  any  of 
their  friends  who  might  be  going  abroad  to  bring  or  send  home  pill- 
boxes filled  with  the  dried  mud  of  any  of  the  rivers  or  lakes  they 
might  pass  in  their  travels.  By  keeping  these  carefully  separated, 
and  putting  them  in  distilled  water  on  their  arrival  in  this  country, 
he  said  that  many  new  and  interesting  species  might  be  developed. 
Land  and  JTater,  January  18,  1868. 


DR.  T.  STERRY  HUNT'S  GEOLOGICAL  CHEMISTRY. 

Sib, — In  the  last  number  of  the  "  Chemical  News"  *  (Jan.  17),  Dr 
Sterry  Hunt  has  inserted  a  reply  to  some  remarks  of  mine  contained 
in  No.  409  of  that  Journal,  but  which,  in  reality,  is  in  great  part  a 
criticism  on  the  contents  of  my  communication  to  the  Geological 
Magazine  for  October  last,  the  substance  of  which  Dr.  Hunt  accuses 
me  of  having,  "  for  some  unknown  reason,  witheld  from  the  readers 
of  the  *  Chemical  News.' "  The  absurdity  of  this  accusation  is  self- 
evident,  as  in  the  "  Chemical  News  "  the  reader  is  distinctly  given  to 
imderstand  that  the  communication  was  but  a  supplement  to  the 
previous  one  in  the  Geological  Magazine  of  October  1st ;  and,  as  you 
are  aware,  in  the  Geological  Magazine  of  that  date,  special  attention 
is  directed  to  this  forthcoming  supplement.  I  would,  therefore,  ask 
the  favour  of  your  inserting  in  your  forthcoming  number  the  enclosed 
commimication,  which,  by  also  appearing  in  the  next  number  of  the 
"  Chemical  News,"  will,  I  hope,  satisfy  Dr.  Hunt  that  it  is  not  my 
wish  to  withold  any  of  the  points  of  this  controversy  either  from  the 
readers  of  the  "  Chemical  News  "  or  of  the  Geological  Magazine. 

20th  December,  1868.  David  ForbSB. 

*  If  the  reader  will  compare  the  article  by  Dr.  T.  Sterry  Hunt,  in  the  CSUmmm/ 
News,  here  referred  to,  with  that  containea  in  our  present  Number,  p.  49,  he  will 
perceive,  that,  to  a  great  extent,  they  are  the  same ;  this  letter  is  therefore  ca^Mble 
of  being  treated  as  a  reply,  tVi  part^  to  both  of  Dr.  Sterry  Hunt's  communicatioos ; 
but  there  are  several  points  discussed  by  Dr.  Hunt  in  this  Maoazinb  which  are  not 
entered  upon  in  the  Chemical  News.  To  these  Mr.  Forbes  will  no  doubt  reply  after 
he  has  seen  and  compared  the  two  articles. — £d. 


C(nfr0Bp§Hdenee--rMr^  PaM  Farie$f  9% 


ON  SOME  POINTS  IN  GHBlf  lOAL  OI^LOOT. 
Bj  Batid  Fohbm,  F.B.S.,  «t6. 

la  tbb  "  Oiemical  News "  of  October  4th,  1867»  I  oonunenoe^ 
iome  lemaila  under  this  title,  for  the  express  purpose  oS.  exqiiiiie. 
MHce  interiet  in  the  sppUcation  of  Chemistiy  to  Oeologj,  and  wiw 
tte  hope  of  staxting  a  dxBcnssion  which  might  at  the  same  time  en^ 
fifsa  aa  well  aa  elucidate  the  subject.  Accepting  Dr.  Hunt's  iuvi- 
frtion, — ^hia  views,  being  the  most  receut,  were  first  selected  f<^ 
Qonaideiation,  and  although  that  gentleman  now  appears  greatlv^ 
•stonnded  at  my  presuming  to  differ  from  his  opinions,  it  is  stiU 
highly  gratifying  to  find  that  he  has  at  last  condescended  to  reply. 

As  this  reply,  however,  contains  absolutely  nothing  which  can  in 
aiiy  way  affect  or  modify  the  opinions  which  I  have  already  eiqpressed 
on  tlie  views  of  Dr.  Hunt,  or  even  require  a  reoonsideraticm  of  the 
Kgnments  upon  which  those  opinions  were  based,  I  am  enabled  to 
i^y  timt  de  hdle. 

Vr.  Hunt  adopts  a  line  of  argument  which  is  an  elaborate  attempt 
fo  convince  his  readers  of  the  utter  incompetency  and  ignorance  of 
&is  reviewer ;  yet,  at  the  same  time,  it  is  amusing  to  observe  that  the 
eharaoter  and  tone  of  his  remarks,  in  conjunction  with  his  studious 
avoidance  of  some  of  the  knotty  points  and  more  important  argu- 
ments brought  forward  in  opposition  to  his  views,  are  strikingly 
suggestive  of  his  being  afflicted  with  a  presentiment  that  there  may 
after  all  be  rickety  points  in  his  theoretical  views. 

Men  who  live  in  glass  houses  should  not  throw  stones ;  Dr.  Hunt's 
accusations  of  ignorance  will  appear  strange  to  those  who  have  paid 
attention  to  some  of  his  sweeping  assertions :  amongst  others,  for 
example,  when  he  emphatically  declares  that  quartz  **  can  only  be 
generated  by  aqueous  agencies,"  geologists  will  infer  that  Dr.  Hunt 
must  be  ignorant  of  the  most  important  fact,  that  quartz  is  found  in 
abundance  in  volcanic  lavas  in  many  parts  of  the  world,  although 
not  in  Canada. 

Had  Dr.  Hunt  remained  content  with  his  Canadian  laurels,  he 
would  probably  have  enjoyed  them  in  peace  without  having  his 
opinions  disputed;  but  when  he  now  aspires  to  be  recognised  in 
Europe,  he  cannot  complain  if  his  views  be  criticised  by  any  or  all 
of  those  interested  in  the  subject — an  ordeal  which  must  be  under- 
gone before  he  can  expect  them  to  receive  general  acceptance,  for 
sorely  he  does  not  issue  them  as  axioms  or  oracles.  Europe  differs 
greasy  from  Canada,  and  amongst  other  things,  in  close  competition 
being  the  order  of  the  day.  No  man  in  Europe  can  expect  to  retain 
any  portion  of  the  field  of  science  exclusively  for  himself,  or  to  travel 
alone  on  any  of  the  many  different  roads  which  lead  to  one  and 
the  same  scientific  truth. 

If  real  progress  is  to  be  made  in  science,  the  student  must  reason 
for  himself,  and  not  be  content  with  accepting,  merely  on  authority, 
opinions  which  are  inconsistent  with  his  own  deductions  or  experi- 
ments ;  nor  should  he  be  deterred  by  the  opposition  to  be  expected 


94  Correspondence — Mr.  David  JPbrbes. 

from  those  already  in  office  or  authority,  who  are  sure  to  be  jealous  of  intnideis  on 
what  they  imagine  to  be  their  own  domain,  and,  doubtless,  dislike  having  their 
peace  of  mind  disturbed  by  innovations. 

A  discussion  of  this  nature  may  be  carried  on  in  two  ways,  either  by  considering 
the  main  points  of  the  argument  first,  before  engaging  in  the  minor  details,  or  the 
reverse  ;  Dr.  Hunt  prefers  the  latter  course,  which,  no  doubt,  is  best  suited  to  the 
defence  of  a  weak  cause,  but  which  his  rather  rambling  remarks  in  last  week's 
^  Chemical  Nnos^  will  show  is  not  calculated  to  convey  to  his  reader  any  veiy  dear 
idea  of  the  exact  points  at  issue,  and  is  likely  to  confuse  by  then  umbo-  of  minor 
details,  having  little  or  no  bearing  upon  the  main  questions. 

It  is,  therefore,  most  important  for  me  that  no  misunderstanding  shoald  arise  as 
to  the  exact  points  on  wnich  I  have  presumed  to  differ  from  the  principles  of 
chemical  geology  which  Dr.  Hunt  has  recently  brought  before  the  scientific  paUk 
in  Europe. 

Expressed  in  as  few  words  as  possible,  I  object  to  the  following  of  Dr.  Himt*s 
assumptions  or  assertions  : — 

1.  That  the  earth  is  solid  to  the  core. 

2.  That  the  surface  of  the  earth,  immediately  previous  to  its  entire  solidifica* 

tion,  was  **  a  liquid  bath  of  no  great  depth  surrounding  the  solid  nucleus." 

3.  That  the  original  atmosphere  contained  '*  the  whole  of  the  chlorine  in  the 

form  of  hydrochloric  acid,  the  sulphur  as  sulphurous  add." 

4.  That  the  saltness  of  the  sea  is  due  to  a  rain  of  hydrochloric  acid  **  flooding 

the  half-cooled  crust"  with  a  highly  heated  acid  deluge. 

5.  That  the  whole  of  '*  the  calcareous  strata,  the  marbles,  and  various  limestones 

which  we  find  on  the  earth's  surface"  have  been  precipitated  from  the  sea 
by  carbonate  of  soda. 

6.  That  all  the  magnesian  limestones  and  gypseous  beds  were  formed  in  a  dense 

atmosphere  of  carbonic  acid. 

7.  That  quartz  **can  only  be  generated  by  aqueous  agencies." 

8.  **  That  granite  is  in  every  case  a  rock  of  sedimentary  origin." 

9.  That  volcanic  rocks  are  merely  ordinary  sedimentary  beds,  melted  by  being 

'*  depressed,  so  that  they  come  within  the  action  of  the  earth's  centxu 
heat.'* 

Any  minor  differences  fall  naturally  under  these  heads,  and  I  may  add  that  the 
perusal  of  Dr.  Hunt*s  defence  has  confirmed  me  more  than  ever  in  the  belief  that 
the  above  premises  are  unsound,  and  I  shall  now  endeavour,  as  concisely  as  possible, 
to  examine  ihe  arguments  pro  et  contra, 

I. — The  earth  solid  to  the  core. 

Dr.  Hunt  seems  to  imagine  that  if  the  earth  is  not  solid  to  the  core,  it  can  only 
consist  of  an  immense  central  sphere  of  molten  matter  covered  by  a  thin  external 
crust  or  shell,  for  he  wastes  all  his  arguments  in  attempting  to  upset  this  theory,  to 
which  I  had  never  given  my  adhesion. 

I  have  preferred  adopting  in  the  main  the  h3rpothesis  of  Bunsen,  no  mean 
authority,  and  when  opposing  Dr.  Hunt's  views  simply  asserted  my  opinion  that 
the  earth  still  encloses  **a  vast  reservoir  or  reservoirs  of  still  fluid  igneous  matter 
in  its  interior ;"  and  the  main  argument  with  which  I  support  this  opinion  is,  that 
I  consider  that  the  molten  lava  ejected  from  volcanos  must  be  derived  from  some 
such  source.  This  is  a  very  simple  but  common-sense  view  of  the  case,  which  I 
imagine  Dr.  Hunt  will  find  some  difficulty  in  refuting. 

II. — That  the  earth's  surface  immediately  previous  to  its  entire  solidification  was 
**a  liquid  bath  of  no  great  depth  surrounding  the  solid  nucleus." 

Hopkins  has  taken  into  favourable  consideration  the  supposition  that  the  earth 
actually  was  solid  both  in  its  centre  and  crust,  and  yet  might  retain  fluid  igneous 
matter  in  the  intermediate  space  ;  and  taking  a  somewhat  similar  view  of  the  case, 
I  believe  that,  even  allowing  that  the  solidification  actually  did  commence  at  the 

1  It  is  necessary  to  explain  here  that  many  of  Dr.  Hunt's  olMervations  refer  to  a  previous 
communication  in  the  October  Number  of  the  Geoi.ogical  Magazink,  and  not  to  the  subsoqueat 
one  in  the  Chemical  News  of  Oct.  4,  which,  as  is  distinctly  stated  therein,  U  ooly  supplementary 
to  the  former  and  to  be  read  in  conjunction  with  the  same ;  yet  Dr.  Hunt  indulga  in  theafantrdl 
accusation,  that  the  contents  of  that  communication  have,  "  for  some  unknown  renMOi,  been 
withheld  from  the  readers  of  the  CkemiaU  News." 
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eentn,  il  slill  could  not  have  reached  ihe  exieri 
ta  sarfiice  itself  had  aljo  solidified  and  formed 
otnior,  due  to  the  external  cooling  action. 

1q  opposLiioti  to  Ms,  Dr.  Hutit  ixaxes  that  silicates,  when  coM,  mn  from 
Kreiiih  lo  one-iUtecnth  pact  more  dense  than  when  molten,  and  woald  atoDce 
kwa  ioto  the  fluid  mass  below,  and  further  adds  ihal  no  emit  could  be  ioi 
tnless  the  laips  of  eravily  were  sutpendcd.  I  da  not  know  irhat  Dr.  Hvtlt'* 
I  af  the  laws  of  gtavily  may  be,  bat  1  would  meiely  again  ask  bov  hi  he  im^ 
*  t  crust  of  sp.  gr.  »"6  could  sink  down  into  a  molten  sphere  of  k  faimi  tp-  gr.  i'l- 
I  will  noC  however,  repeat  Ihe  other  areuments  which  I  h«»e  mod  in  VBt 
Geological  Magazine,  but  content  tnyself  by  bringing  fotwkrd  onenotbdiM 
onptoyed  by  me  in  support  o(  my  opinion. 

Some  eiperimenls  which  I  am  now  engageil  in,  on  the  effeet  of  beat  imi  bodki 
•tiicb  contiict  in  cooling,  i.e.  which  are  more  dense  when  cold  Atn  wheii  mollt^ 
Aow  in  the  casts  tried  that  a  body  upon  the  firil  application  of  heat  expandi  itld 
^»iU»^  T  tB  do  lO  Bp  to  near  H*  mdti^  point,  vmi  it  contracts  at  the  intttnt  of 
fciiiwi ;  ID  other  wordi,  althongh  the  nbiUuice  when  cold  wai  heavier  ihtt 
wha  molten,  ret  the  nme  flnbttance  expanded  by  heat  Wm  llgbter  than  wfcn 
■olten.  'nni,  Mme  metal*  mre  fbtad  to  float  abont  (tike  Ice  upon  wtter)  npe* 
fhe  amftce  of  a  tnoltes  bath  of  the  tame  metal  into  wmch  they  wete  placed  fa  a 
leated  condltioii,'  It  appear*  probable  that  the  aame  phenomeaa  woiud  acooBDI 
fcr  toch  a  erwt  a*  Dr.  Hunt  dSspnlei,  not  imking  bnt  Beating  on  the  moltoi  baft 

.    TfaatlbeeanhnarpoidMyhBTetoliAifiedattfaecentreilrat,  bnotduputedtM 
"  '"  "   tray  affect  my  theoretical  viewi.     The  ■  "    ' 

to  Ibow  Ibat  ire  are  altogether  too  igi  . 

s  of  the  earth,  and  of  fte  cfleclB  likely  to  bt 

pmdooed  by  tndt  enormom  preMwet,  to  Im  enabled  to  teason  tipon  tucb  i&mffi- 
cint  data  with  any  confidence  in  the  result 

III.  —That  the  original  atmosphere  contained  "  the  whole  of  the  chlorine  in  the 
form  of  hydrochloric  acid,  Ihe  sulphur  as  salphurons  add." 

The  perusal  of  Dr.  Hunt's  remarks  does  not  in  any  way  tend  to  modify  the 
concltuions  1  had  previously  arrived  at  on  this  head.  I  still  believe  that  chemUti 
vill  not  Ik  disposed  to  regard  an  atmosphere  containing  enormous  volumes  of 
mlpharous  acid,  steam,  and  oiygcn  in  excess,  or  in  other  words,  which  resembles  a 
great  sulphuric  acid  chamber,  as  prababU;  and  as  Dr.  Hunt  does  admit  that  they 
would  slowly  unite  lo  form  sulphuric  acid,  it  merely  becomes  a  question  of  lime 
as  to  whether  ihey  united  slowly  or  quickly. 

The  arguments  which  I  advance  against  supposing  Ihal  such  an  almosphere 
ever  did  exist  are,  that  1  consider  Ihat  the  sulphur  would  unite  mainly  with  the 
heavier  metats.  and  the  chlorine  mainly  with  the  alkaline  metals,  and  I  conse> 
qnently  infer  that  these  elements  never  went  into  ihe  atmosphere  in  any  such 
qaanlily  as  Dr.  Hunt  imagines. 

Dr.  Hunt,  in  opposition,  stales  that  sulphides  could  not  be  foimed,  since 
oxyCED  was  in  excess.  Metallurgists  know  Ihat  sulphides  are  far  less  easily 
oxidiiaUe  than  is  generally  imagined,  and  ihat  they  are  produced  in  both  blast  and 
ab-fiimaces  when  the  waste  gases  still  contain  unconsumed  oxygeti,  and  that  time 
is  an  important  clement  in  this  consideration. 

But  we  have  no  proof  whatever  of  any  great  excess  of  oxygen  in  the  primeval 
atmosphere  ;  on  the  contrary,  we  know  that  a  vast  amount  of  the  oxygen  now 
{wesent  in  the  air  must  have  been  derived  from  Ihe  decomposition  of  the  carbonic 
acid,  when  the  immense  supplies  of  carbon  afterwards  buried  in  the  various  sedi- 
nentar*  formations  were  eitiacled  from  the  atmosphere  by  the  action  of  vegetable 
lift  The  slight  excess  of  oxygen  which,  no  doubt,  was  present  would,  further, 
be  so  diffused  through  the  enormous  volume  of  carbonic  acid,  nitrogen,  and 
aqueous  vapour,  that  it  caimot  be  imagined  lo  have  exercised  other  than  a  most 
feeble  oxidising  action. 

1  A*  a  vetalluTaist  I  haTr  frequently  observed  wjch  cases,  but  for  a  long  time  did  not  unda- 
tfaod  tbe  feiplaiutioQ  ;   1  have  la  tbaok  my  friend  Mr.    Hackney  for  tlirecting  my  atfrnlioQ  lo 

'men  by  penideoily  floating  faigh  on  ihc  turfice  of  Ihe  melted  ucci  (ckd  when  ia  p<ecs  of 
4S  lb*.  «  dor)  at  long  u  iu  lemperalun  i>  belnw  iu  fiuing  pouu. 
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The  carbonic  acid,  also,  being  so  infinitely  more  dense,  and  present  in  so  over- 
whelming a  quantity,  would  further  act  as  a  powerful  shield  against  the  very 
oxidising  action  which  Dr.  Hunt  lays  such  stress  upon. 

That  the  chlorine  did  not  go  into  the  atmosphere,  as  Dr.  Hunt  imagines  (com- 
bined with  hydrogen  as  hydrochloric  acid),  I  infer  from  the  well-known  far 
greater  affinity  which  it  has  for  sodium  than  for  hydrogen,  and  the  volatility  of  the 
sodium  would  be  far  more  likely  to  bring  it  in  contact  with  the  chlorine  than  with 
the  silica. 

The  iekea  that  the  action  of  the  feeble  excess  of  oxygen  above  alluded  to,  in  con- 
nection with  silica  and  steam,  would  prevent  the  formation  of  chloride  of  sodium, 
is  not  of  much  weight,  since  the  chloride  of  sodium  would  be  formed  as  a  vapour 
in  the  atmosphere,  while  the  silica  remained  below  in  the  earthy  mass  in  a  solid 
form. 

But  Dr.  Hunt  next  writes :  "Even  if,  as  Mr.  Forbes  supposes,  the  chloride  of 
sodium  were  to  be  formed  in  the  heated  atmosphere,  it  would  be  precipitated  into 
the  intensely  heated  bath,"  etc.  Precipitated!  when  it  would  be  in  the  state  of 
vapour  at  this  temperature. 

Metallurgists  know  how  indifferent  chloride  of  sodium  is  when  fused  with  silicates, 
and  to  this  property  is  due  the  employment  of  what  is  termed  a  salt-cover  in  assays ; 
however  well  the  salt  may  be  intermixed,  once  the  mass  is  fused  it  rises  and 
swims  on  the  top,  and  (if  the  heat  be  not  too  elevated  or  protracted  as  to  vola- 
tilise it  entirely)  presents,  upon  cooling,  a  well-defined  crystalline  crust  of  salt, 
below  which  is  found  the  unaltered  silicate  slag,  and  below  this  again  the  button 
of  metal,  pure  or  more  or  less  in  combination  with  sulphur,  arsenic,  antimony, 
etc.,  as  the  case  may  be ;  thus  presenting,  on  the  small  scale,  an  illustration  of 
what  I  have  supposed  may  have  occurred  in  nature,  in  which  case  also  the  cover 
or  crust  of  salt  would  act  as  a  shield  against  oxidation.  * 

In  a  potter's  kiln,  the  vapour  of  salt  under  confinement  merely  glazes  the  sur- 
face of  the  ware  to  a  minute  depth,  which  very  glaze  protects  the  silicates 
from  further  action  ;  but  both  the  potter's  kiln  and  Gossage's  soda-process  are 
worked  under  forced  circumstances,  not  applicable  in  this  argument ;  and  when  Dr. 
Hunt  explains  that  in  his  illustration  of  this  subject  he  merely  used  the  words, 
**if  the  elements  were  made  to  react  upon  one  another ,**  is  it  not  rather  he  who 
is  trifling  with  the  subject,  when  he  supposes  conditions  which  never  could  occur 
in  nature  in  the  case  referred  to. 

IV. — That  the  saltness  of  the  sea  is  due  to  a  rain  of  hydrochloric  acid  "flooding 

the  half  cooled  crust "  with  a  highly  heated  acid  deluge. 
This  assumption  requires  no  further  comments  than  those  included  under  the  pre- 
ceding head,  where  1  have  endeavoured  to  show  that  the  whole  of  the  chlorine  did 
not  ascend  into  the  atmosphere  as  hydrochloric  acid,  and,  consequently,  could  not 
flood  the  earth  with  the  hot  acid  deluge  insisted  on  by  Dr.  Hunt 

V. — That  the  whole  of  "the  calcareous  strata,  the  marbles  and  various  lime- 
stones which  we  find  on  the  earth's  surface,"  have  been  precipitated  from  the 
sea  by  carbonate  of  soda. 
Geologists  have  long  agreed,  that  sedimentary  limestones  are  the  products  of 
the  action  of  organic  life;  and   microscopists,  in  confirming  this,   have  further 
proved  that  they  do  not  possess  the  character  of  precipitates.     Dr.  Hunt  evades 
any  reply  to  these  objections,  but  asks  a  question  in  return,  requesting  to  know 
what  becomes  of  the  acid  in  case,  as  I  contend,  animals  can  utilize  the  salts  of 
lime  contained  in  the  sea.     As  is  well  known,  sulphur  plays  a  very  importan 
part  in  vital  economy,  entering  both  into  the  composition  of  organisms,  and  being 
also  given  off  as  sulphuretted  hydrogen  in  the  gaseous  form.     I  see,  therefore, 
many  reasons  for  believing  that  animals  do  assimilate  the  sulphate  of  lime,  which 
we  know  is  contained  in  such  an  enormous  quantity  in  the  ocean. 
VI. — That  all  the  magnesian  limestones  and  gypseous  strata  were  formed  in  a 

dense  atmosphere  of  carbonic  acid. 
In  1H46,  when  in  Birmingham,  ^  was  informed  that  for  some  years  the  manu- 
iacture  of  magnesian  preparations  was  based  upon  the  reactions  of  the  compounds 
of  magnesia  with  carbonic  acid,  in  a  compressed  atmosphere  of  carbonic  acid.  In 
1849,  NIr.  Osborne,  a  gentleman  connected  with  a  similar  manufactory  in  Ireland, 
fully  confirmed  these  statements,  and  shortly  after  the  publication  of  Dr.  Hunt's 
paper  in  the  Comptes  Rendus,  Dr.  Lawson,  in  the  course  of  conversation,  ex- 


Correspondence — Mr.  Dmid  Forbes.  97 

prtisrd  hii  surprise  at  Dr.  Huni  being  nnawsre  of  this,  since  he  knew  that  the 
principle  had  been  long  in  use  in  a  manufBctorf  at  Cork. 

Dr.  Hunt  bu  huther  applied  this  principle,'  andobtdned  rery  interesting  results, 
which  he  ronsidered  to  be  the  coUQleiparls  of  nature's  nperations ;  and,  remember- 
iaethmt  there  are  dolomite  bediin  the  lower  Silurian  strata  of  Canada,  alonce  aslii 
feologists  lo  believe  the  rather  hasty  general  iiatioa  (hat  idl  the  magnesian  lime- 
Hones  and  gypicoui  beds  were  formed  in  a  dense  atmosphere  of  carbonic  acid. 

Geologisli,  honrever,  well  knowing  that  the  grand  development  of  magncsian 

Kmestones  and  gypseous  strata  occurred  in  periods  when  air-breathing  animals 

eiistni  ou  the  surface  of  the  globe,  could  not  Iwlieve  that  these  animals  actually 

11  nd  III  :i  .l-ri-v  ,  -III  i.f  ]vrv  n'  i.n  inMiic  .lUil  ;  srul  had  -r.rnH  of  the  more  modern 

fRat  i!7p«eoiis  fonnanons  occoired  in  Canada,  Dr.   Hont  wemld  probably  aot 

bare  br<^ht  forward  this  theory. 

Til.  Inai  quartz  "  can  only  be  genersled  by  aqneoiu  agenda." 

Dr.  Hunt,  wisely  oo  doubt,  doe*  not  take  any  notice  oi  my  aixmsenta  ayiiiMt 

ddi  amrtioii,  ance  they  are  lactt,  not  opinioni,  and  cootist  merely  in  pointing 

oDt  that  Tolcanic  lavai  of  Ilalv,  Hungary,  Pern,  Bolivia,  Chili,  etc.,   conttiB 

f  qnaiti  oAco  in  well-defined  cfTitali.     In  connection  with  thii  I  mxf 

1  panage  Eroni  a  letter  received  from  Ur.  Sotby,  who  writc*^  "  I  hna 

qiloidid  oia  of  recent  Utw  with  ijout^  both  in  theihapeof  imall  eryiMli  Mid 

aa  roDiKled  ■"*"—.  like  thon:  teen  m  aome  older  rocki ;  and  thia  anarti  in  both 

ca*e*  (cmtals  and  nmadedmaiae*)  contain*  splendid  glasa  caritics,  mt  like  thoM 

iadke  (atfux,  dw  Atnut  ptdHtone,  and  tbev«tionil«va«;tkia  weMrecomplet* 

—joaf,  according  to  mjTiewt,  that  qoai 

mdted  man  oT  rock."    Now,  in  &ce 

inbeaRached  toancbof  Dr.  Hunt's  dermatic  ai 

oaof  thepti]i^*e  cnut  would  h<ve  excluded  freenliatl" 

«  nmlt  of  a  lecondaiy  pioceu  I "  etc. 

— "  That  granite  ii  in  ever] 

:onl  makes  this  assertion  in      _ 

hive  well  studied  the  subject.     If  fie,  however,  only  founds  this  opinion  o 

pntence  of  quartz  in  granite,  the  value  to  be  attached  to  it  may  be  inferred  from 

the  remarks  contained  in  the  preceding  paragraph.     If  he  speaks  as  a  geologist, 

it  may  fairly  be  inquired  whether  he  considers  his  Canadian  experience  suffideitt 

to  enable  him  to  arrive  at  such  sweeping  generalization. 

Sir  Charles  Lyell  has  slated  that  three  things  were  essential  to  a  geologist, 

nimely,  "to  travel,  to  travel,  and  to  travel;"  and  such  advice  may  be  recom- 

Blended  to  Dr.  Sterry  Hunt  before  be  ventures  again  to  generalize  for  the  worid 

CO  the  strength  of  a  local  knowledge  of  a  very  minute  part  of  the  same. 

DC. — That  volcanic  rocks  are  merely  ordinary  sedimentary  bedi,  melted  Wbdng 

"depressed,  so  that  they  come  within  the  action  of  the  earth's  central  heat." 
In  the  Geoi/>GiCAL  Macazinb  I  ventured  to  inquire  of  "  the  author  of  thlt 
ingeoioos  theory  by  what  mechanical  arrangement  he  supposes  strata,  on  the 
■orface  of  the  earth,  to  be  lowered  down  into  a  globe  solid  to  the  core ; "  and 
tfain,  "  how  are  we,  according  to  this  theory,  to  account  for  the  fact  that  volcanic 
tocki,  taken  from  any  quarter  of  the  world,  no  matter  how  far  distant  from  one 
nothier — from  Iceland  or  Terra  del  Fuego,  from  the  Islands  of  the  West  Indie* 
er  from  those  of  Polynesia — that  in  all  cases  such  rocks  possess  an  absolute  identity 
ia  chemical  and  mineialogical  composition,  in  physical  and  optical  propertie*: 
can  any  geologist  be  expected  to  believe  that  such  rocks  have  been  formed  by  the 
Belting  up  of  a  mere  mechanical  aggregate  of  rock  debris,  possessing  no  analogy 
whatsoever,  and  whose  chemical  composition,  etc,  is  known  to  vary  to  the  widest 
imaginable  extremes?"— questions  as  yet  unanswered. 

^forc  concluding  these  remarks,  I  would  here  acknowledge  that  Dr.  Hunt  baa 
discovered  an  inaccuracy  which  occurs  in  my  communication  to  the  Geological 
Magazine,  where  the  poation  of  steam  in  Ihe  imaginary  original  atmosphere  i* 
by  accident  placed  below  that  of  air,  although  steam  is  in  reality  lighter— as  a. 
moment's  reflection  would  have  shown.  This  error  has  not  the  most  minute  influ- 
ence on  any  of  my  getAaliiations,  as  it  is  perfectly  immaterial  whether  rhl^ 
stratum  be  above  or  below  that  of  air. 
I  ihall  always  be  ready  to  admit  at  once  any  error  which  may  be  fbandin  my 
I  Vide  ClL.mktlNmi,  Sepi.  13,  1867,  p.  14B. 
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communications,  and  Dr.  Hunt  is  quite  entitled  to  make  the  most  of  sodi  ft 
blunder,  if  he  considers  it  will  support  his  views ;  at  the  same  time  I  trust  that  he 
will  also  be  equally  candid  in  cases  where  he  may  be  found  tripping. 

Dr.  Hunt  alludes  to  a  rough  sketch  of  some  of  my  views  contained  in  the 
Geological  Magazine  ;  but  as  I  have  already  accepted  the  invitation  of  the 
Council  of  the  Chemical  Society  to  give  a  lecture  on  Chemical  Geology  (201th 
February  next),  Dr.  Hunt  will  thus  l^  enabled  to  take  my  views  into  full  con* 
sideration,  and  after  comparing  them  with  his  own  I  trust  he  will  give  us  the 
benefit  of  his  scrutiny  ;  for  as  I  regard  the  ultimate  object  of  all  my  labours  as 
being  the  attainment  of  scientific  truth,  I  am  as  fully  prepared  to  be  conected  in 
points  where  I  may  be  proved  to  be  wrong  as  to  defuid  those  which  I  hold  to  be 
right  

THE  BOULDER-CLAY  AT  WITHAM  AND  THE  THAMES  VALLEY. 

SiE, — Mr.  Dawkins  has  spoken  of  the  occurrence  of  a  Boulder-day 
at  Witham  as  affording  a  presumption  that  the  valley  there  is  older 
than  the  glacial  drift.  I  am  able  to  give  a  rough  section  of  the 
boring  for  the  well  in  which  it  occurred,  where  I  saw  it  in  1865. 
I  obtained  the  depths  from  the  men  at  work,  in  answer  to  questionB 
regarding  the  stuff  which  I  saw  to  have  been  brought  up. 

BECnON   OF  ABTESIAN  WELL  AT  WITHAM  STATION,  S8SEX.  Ftti, 

Coarse  g^ravel 20 

Greyish  Glacial  clay,  with  lai^e  flints  and  chalk  pebbles 160 

Fine  clayey  sand,  brown  and  green,  with  green-coated  flints  at  ^e  hottom, 

(Thames  sand) 10 

Chalk,  in  which  the  water  was  obtained. 

The  spot  is  more  than  20  feet  above  the  stream,  so  that  the  g^vel 
is  a  terrace  gravel ;  and,  in  what  is  probably  the  same  bed,  I  found 
a  short  time  previously  a  good  specimen  of  an  oval  flint  implement : 
I  picked  it  off  a  heap  in  the  gravel-pit,  at  the  entrance  of  the  lane 
which  leads  to  the  Gfoods'  Depot. 

Now,  as  regards  the  glacial  clay  in  this  section,  there  is  a  pecu- 
liarity which  at  the  time  surprised  me  much.  I  allude  to  the  entire 
absence  of  anything  like  the  "  middle  drift"  beneath  it.  This  drift 
occurs  in  full  force  along  the  high  groimd  to  the  south,  by  Danbuiy 
and  Wickham  Bishops ;  and  Mr.  S.  V.  Wood,  jim.,  has  shown  it  in 
section  9  of  his  paper  on  the  Essex  valleys,*  as  underlying  the  Boulder- 
clay  at  Little  Braxted  close  by.  A  glance  at  that  section  will  show 
that  the  position  of  the  Boulder-clay  at  Little  Braxted  has  no  analogy 
with  that  at  Witham  Station,  where  it  extends  many  feet  below  tibe 
bottom  of  the  valley.  These  circumstances,  to  my  mind,  throw  a 
considerable  doubt  upon  the  clay  at  the  station  being  the  true 
Boulder-drift ;  and  if  it  be  not.  we  cannot  argue  from  it  that  the 
valley  is  older  than  the  Boulder-drift. 

We  are  told  of  the  existence  of  several  Boulder-days — and  I  oan 
myself  speak  to  a  Boulder-clay  occupying  a  valley  in  Essex  which  is 
clearly  newer  than  the  true  Boulder-drift..  It  is  to  be  seen  on  the 
shore,  beneath  the  terrace,  at  Walton-on-the-Naze.  It  contains 
Chalk  pebbles,  large  flints,  London  clay  septaria,  and  Crag  sand, 
and  is  full  of  mammalian  bones.  In  hard  specimens  it  could  not  be 
distinguished  from  the  older  Boulder-clay. 

I  have  not  a  sufficiently  minute  acquaintance  with  the  neighboi»r- 
*  Gbol.  Mao.,  Vol.  III.  p.  848,  map. 
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kftOd  to  be  able  to  contribute  many  observations  to  the  elucidation  of 
the  question  at  iasue  regarding  the  age  of  the  Thames  valley.  But, 
U  I  have  already  staled  in  your  pages,  I  cannot  admit  tJie  presence 
of  the  re-arranged  material,  which  I  call  "trail,"  to  be  any  proof  of 
geological  antiquity ;  regarding  it,  as  I  do,  as  an  accompaniment  of 
the  laat  general  denudation  of  the  surface.  When  Mr.  Wuod  eaya 
th&t  he  doea  not  admit  the  existence  of  this  deposit  (though  it  b  not 
itrictly  a  deposit)  as  "a  formation,'"  I  underatand  him  to  mean  that 
he  thinks  tliat  peculiar  condition  of  tlie  aub-aoil  to  be  of  various 
geological  ages,  from  the  glacial  drift  upwards,  instead  of  referring 
te  to  our  period,  aa  I  do.  Thus,  although  we  disagree  upon  the  age 
efthe  trail,  we  are  in  accord  as  to  its  existence,  and  also  aa  to  its 
hftviog  no  bearing  on  the  question  in  hand,  vik.,  the  antiquity  of  the 
mammaliferous  deposits  of  the  Thames  valley. 

It  was  asked  during  the  discussion  on  Mr.  Dawkins"  paper,  why 
the  Boulder-clay  did  not  cross  the  valley  of  the  Thames.  I  fhefl 
offered  the  suggestion  that  the  cause  might  be  found  in  the  elevation 
of  the  Weald.  lieaudation  ii  a  function  of  altitude.  In  a  given  dis- 
trict it  requires  a  certain  amount  of  coherence  in  the  constitution 
of  a  deposit  to  enable  it  to  resist  destruofive  influences  of  altitude. 
Hence,  if  the  Boulder-clay  was  once  spread  over  the  North  Downs^ 
and  they  have  been  raised  higher  since — we  need  seek  no  other  rea- 
■on  for  its  dis^pearanoe  in  that  area.  There  is,  I  believe,  a  parallel 
case  in  Hants  and  Dorset  The  elevation  of  the  southern  part  of  the 
Isles  of  Wight  and  Pnrbeck,  and  of  the  Weymouth  district,  south  of 
the  npUfted  chalk,  is  probably  of  the  same  date  as  that  of  the  Weald. 
Now,  in  ihe  sontfa-wMtem  counties,  the  Boulder-clay,  as  I  believe, 
ia  represented  by  the  thick  bed  of  coarse  flint  gravel  which  fontU 
the  capping  of  most  of  the  tabular  hills  of  the  New  Forest  and  of  tbb 
Tertiuy  oonntry  of  South-east  Dorset.  But  this  bed  of  gravel  doeft 
not  oroBS  the  Chalk  Downs.  It  appears  to  have  been  lifted  up  and 
carried  away  together  with  all  the  other  deposits  which  once  lay 
Dpon  the  Chalk ;  end,  in  passing,  I  may  mention  that  the  Tertiar; 
rtralA  wbich  cap  Bidgway  Hill  near  Weymouth  are  vertical,  bein^ 
jost  as  mnoh  affected  by  die  disturbance  as  ^se  of  Alum  Bay. 

If  ow  the  Thames  valley  is  so  near  the  northern  boundary  of  the 
Weald  tliat  we  may  well  conceive  the  local  disturbance  to  have  been 
felt  in  it.  And,  indeed,  the  ocourrence  of  a  fault  bringing  up  the  Chalk 
against  the  London  clay  near  Purfleet  is  probably  part  of  the  samA 
movwnent.  Again,  the  altitude  attained  by  the  Middle  Drift  aloQtf 
the  hills  south  of  Chelmsford  and  Witham  is  almost  in  itself  suffi- 
^ent  proof  that  the  disappearance  of  the  Boulder-clay  in  that  direc- 
tion is  due  to  denudation. 

My  impression  is,  that  the  mammaliferous  bed  of  Grays  Thunook 
ifl  of  the  same  age  as  that  of  Clacton.  It  is  possible  that  species  may 
be  present  in  the  Clacton  deposit  which  have  not  been  collected,  fot 
it  is  most  difBcult  to  obtain  specimens  there.  The  late  Mr.  John 
Brown,  by  a  combination  of  assiduity  and  good  fortune,  obtained  a 
good  numy ;  bat  although  I  watched  the  plaoe  for  nine  years  I  nev^r 
1  C>o£.  Mao.,  Vol.  f.  p.  43. 
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got  a  single  bone,  and  am  persnaded  that  the  bed  during  that  tixna 
was  not  once  laid  open  by  the  tides.  On  the  other  hand,  the  excava- 
tions in  the  Thames  valley  are  very  extensive,  and  oontinaallj 
worked,  so  that,  probably,  most  of  the  species  have  tamed  up  whic^ 
are  there  buried.  There  is  certain  proof  of  the  depression  of  the 
Clacton  area  subsequently  to  the  period  when  the  mammalia  were 
entombed,  for  the  bed  in  which  they  lie  is  purely  freshwater,  and  it 
is  covered  with  several  feet  of  brackish  water  beds,  with  small 
Serobiculan'a ;  and  at  the  top  of  the  section  occurs  a  seam  in  which 
I  found  Cyrena  fluminalis,  associated  with  dwarfed  Cardium  edule, 
and  a  Paludina  undistinguishable  from  Unta.  Now  a  similar  de- 
pression of  the  area  seems  to  be  shown  at  Grays,  by  the  false 
bedded  sand.  No.  5  of  Mr.  Dawkins'  section,^  overlying  the  mam- 
maliferous  gravel. 

The  Clacton  deposit  is  a  true  valley  deposit,  cut  out  of  the  London 
day,  and  an  overlying  gravel  which  Mr.  Wood  calls  the  "East 
Essex  Gravel.'*  This  gravel,  as  I  imderstand  him,  he  supposes 
much  newer  than  the  Boulder-clay ;  but  at  any  rate  it  cannot  be 
older  than  the  Middle  Drift,  and  in  either  case  it  throws  the  Clacton 
deposit  into  Post-glacial  times. 

O.  FiSHVB. 

Harlton,  Caicbridob.        

BOS  LONGIFRONS. 

Sib, — Owing  to  my  absence  from  England,  I  have  only  just 
enjoyed  the  pleasure  of  reading  the  memoir  which  my  friend  Mi*. 
Boyd  Dawkins  has  contributed  to  the  "  Quarterly  Journal  of  the 
Geological  Society,"  and  which  appears  in  their  91st  No.,  p.  176. 
There  are  some  passages  in  this  to  which  I  may  reasonably  be 
allowed  to  demur,  and  I  therefore,  while  giving  Mr.  Boyd  Dawkins 
the  utmost  credit  for  the  ability  with  which  the  case  for  the  plaintiff 
has  been  stated,  will  at  once  proceed  to  open  the  defence. 

The  characters  of  Bos  hngifrons  are  clearly  described  by  Mr.  Daw- 
kins, with  such  lucidity,  in  fact,  that  he  is  "  unable  to  assign  any 
characters  of  specific  value  to  the  animal."  But  I  cannot  allow  that 
he  shows  sufficient  cause  why  two  out  of  the  three  other  species  of 
fossil  English  Bovines  should  be  abandoned.  In  a  memoir  of  eight 
pages,  exactly  twenty-one  lines  are  devoted  to  the  examination  of 
the  claims  of  Bos  frontosm  to  specific  distinction ;  whilst  Bos  trocho- 
eeros  is  utterly  ignored.  Both  these  species  were  found  associated 
with  Bos  longrfrons  in  a  refuse  heap  in  London  Wall,  by  my  friend 
Lieut. -Colonel  A.  Lane  Fox,  F.S.A.,  and  the  circumstances  of  their 
gisement  have  been  accurately  described  by  him  in  the  "  Journal 
Anthrop  Soc.  Lond.,"  Dec.  1866.  Of  their  identification  there  can 
be  no  doubt,  and  the  specimens  will  be  gladly  placed  in  Mr.  Daw- 
kins* hands  for  description. 

Mr.  Dawkins'  argument  is  as  follows, — "  A  very  large  number  of 
skulls  from  the  Irish  turbaries  in  the  Museum  of  the  Boyal  Dublin 
Society  show  a  marked  gradation  in  size  and  form,  and  constitute 

^  Quart  Jonm.  Geol.  Soc.  toL  zxiiL  p.  94. 
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■n  Dzibrokeii  series  with  the  Boa  fronfonu  of  SJfiSon  at  one  end,  and 
tiie  more  coramon  variety  of  Bos  longifront  at  the-<i£her.  o  o  o 
In  ocmBeqaeiiGe  of  this,  I  am  unable  to  assign'  aliy  characters  of 
ipecific  Taliie  to  the  animal.     "     '*     The  Bai  _/i-onio*u*.of  Nilsson  is 

6 roved  by  the  series  in  Dublin,  as  stated  above,  to  be  a  mere  variety," 
Qch,  and  such  only,  are  the  grounds  on  which  Mr.  I^ATOkiiis  dia- 
poaes  of  this  species.  He  gives  two  mejisurenienfs  of  shiiHs  of  iodi- 
fidnals  who  confessedly  appertain  to  Boa  longifrom,  and  liave  no 
"Frontoeine"  characters,  and  eight  measurements  of  horn-cores,.  No 
JtiTtber  are  voucbsafed  to  us :  none  are  even  promised,  thougb  ye 
leora  that  some  detailed  me3surenient«  of  teeth  and  long  bones  ^ 
to  be  appended  at  the  end  of  his  thii'd  piaper.  The  facts  are  not 
forthcoming,  or  at  least  are  not  shown,  on  which  Boi  fronto»u»  009 
be  eradicated  from  the  catalogue.  It  is  quite  possible  that  the  lai^- 
•eries  oi  longi front  remains  in  the  Dublin  and  Oxford  Museums  may 
corroborate  Mr.  Dawkins'  conclusion  ;  those  in  the  British  Museum 
and  Soyal  College  of  Surgeons  Collections,  to  which  Mr,  Dawkins 
appeals,  have  not  led  me,  after  most  careful  examination,  to  arrive 
at  tbe  same  result.  Science  imperatively  requires,  not  a  mere 
■weeping  assertion  'CaaX  Bon  fronlomu  "cannot  be  made  out"  as* 
species,  but  a  careful  series  of  measurements  of  at  least  fifty  speci- 
mens, so  that  the  "  unbroken  series"  which  Mr.  Duwkins  imagines 
to  exist  may  be  distinctly  shown.  Till  evidence  is  really  put  in, 
NilssoD's  species  must  be  allowed  to  stand. 

Mr.  Dawkins'  ailments  in  favour  of  tiie  "affinity"  of  the  old 
Aqnitaniaa  cave-dwetlers  "  with  the  Esquimaux"  do  not  appear  to 
be  of  the  strongest  value.  "  The  habit  of  sculpturing  animalH  on 
their  implements"  is  common  in  all  savage  races ;  "  the  carelessness 
about  the  remains  of  their  dead  relatives"  is  also  predicable  of  many ; 
"  the  fact  that  the  food  consisted  chiefly  of  reindeer"  only  proves  that 
reindeer  was  an  accessible  and  plentiful  food,  and  by  no  means 
denotes  community  of  origin.  Mr.  Dawkins'  argument  is: — All 
who  eat  reindeer  moat  are  "closely  allied  :"  Esquimaux  eat  rein- 
deer meat,  and  Aquitanian  cave-dwellers  ate  reindeer  meat: 
*,*  Esquimaux  and  Aquitanian  cave-dwellers  are  "closely  allied." 
At  aba  present  moment,  English,  Americans,  Negroes,  and  Eed 
Indians  are  feeding  here  on  beef  (when  they  can  get  it) :  yet 
tfaete  is  no  community  of  race.  Mr.  Dawkins'  last  statement 
regairding  the  small  stature  being  "  proved  in  the  people  of  the 
Dordogne  Caverns  by  the  small-banded  dagger  figured  by  Messrs. 
Lartet  and  Christy  in  tbe  Bieua  Archiologique"  I  must  doubt.  All 
who  are  acquainted  with  the  small-griped  swords  of  the  exist- 
ing Hindoos,  and  of  many  of  the  eo-caUed  Fhcenician  sepultures, 
will  know  that  they  are  held  in  the  hand  in  a  veiy  different  way  to 
that  of  our  own  swords,  and  that  the  smollness  of  tlie  grip  by  no 
means  connotes  the  size  of  the  individual.  I  must  not,  however, 
discuss  this  matter  further  in  a  periodical  devoted  to  geology. 

Mr.  Dawkins  accuses  Professor  Owen  of  holding  "contradictory 
opinions."  In  opposition  to  the  first,  that  "  the  Romans  imported 
into  Britain  their  '  already  domesticated  cattle,'  and  our  breeds  aro 
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tbcxr  dgaccndMit^^  fe  bfings  the  iteftMneAt  thftt  **  BdM  Un§y^mk$  I 

dbe  ooIt  ox  toQadia  th«  refuse  heaps,  in  not  one  or  two  but  M  thi 

etmpA.  ddes^JCiD^  And  cemeteries  that  bear  the  impress  of  Bomai 

ctTili3aci«?a.2k^  Britain."    In  the  first  place,  in  one,  at  least,  of  th< 

Boman  cad^j  ix^don  Wall)  Boi  hng%fron%  is  not  the  only  ox  found 

as  B.fnt^ii^  and  trt^ch^etr^  are  associated  with  it.     Whatever  Mr 

Dawfcms  tBSj  say  of  Bo$  fivmtonu,  I  presxune  he  will  not  slump  B 

fncMtr^  •'«  pajiU  r*tto  of  his  l&Hfifrons.    In  the  second  plaoe,  I  fai 

to  Me  h^w  he  can  point  out  any  difference  between  the  characters  o: 

thC^'^.^nnan  cattle,  which  he  nowhere  describes,  and  those  of  Ba 

iUigi&oms,  to  which  he  i^  *'  unable  to  assign  any  characters  of  spedfiK 

i%!Ut>.'*    Where  one  factor  is  unknown,  and  the  other  undefined,  it  ii 

'•".iKfficult  to  perceive  how  any  conclusion  can  be  arrived  at.    Probabl] 

;*V.  if  Mr.  Dawkins  examines  carefully  a  series  of  the  bovine  remaini 

/  '.'from  Italian  sepultures,  he  may  consider  these  also  to  be  longifinm» 

•  •    This  fact  remaius  to  be  proved. 

Mr.  Dawkins*  first  conclusion,  that  B.  lon^i/rans  "  has  not  yet  beet 
proved  to  have  existed  before  the  Pre-historio  age,  in  the  bone-cavei 
and  alluvia  of  which  it  is  found  abundantly,'*  I  must  leave  him  tc 
discuss  with  Professor  Owen.  Hitf  second  conclusion,  that  "  it  is  the 
ancestor  of  the  small  Highland  and  Welsh  breeds,"  is  self-evident, 
and  unnecessary  to  be  proved.  I  fail  to  see  that  Professor  Owen'i 
original  opinion  to  this  effect  needed  such  a  repetition,  nor  do  I  se« 
any  new  arguments  in  favour  adduced  by  Mr.  Dawkins.  When, 
however,  he  emploj'S  the  expression  that  "it  is  essentially  the  animal 
with  which  the  archaeologists  have  to  deal,**  I  must  humbly  put  in  s 
plea  in  favour  of  the  animal  nature  of  man,  and  express  my  beliei 
that  up  to  the  present  time  I  thought  that  archaeologists  had  to  deal 
with  human  works,  and  human  remains,  as  well  as  those  of  horses, 
goats,  and  sheep,  when  found  vnth  human  relics.  For  the  present, 
I  must  close  this  letter. 

**  La  plaza  al  panto  el  buey  desembaraza 
Quedando  stroa  maa  bueyes  en  la  plaza." 

AaHIAZA. 


jAYALf  Mine,  Chontales,  Nicaragua, 
ith  DfcembcTy  1867. 


C.  Cabtxb  Bl^ki. 


SILVER-FAHLERZ  IN  CORNWALL. 

SiK, — Will  you  allow  me  space  for  a  short  reply  to  the  letter  of 
Mr.  David  Forbes  contained  in  your  last  number  ?  That  gentleman 
soonis  to  have  quite  misunderstood  the  object  of  my  communicatioik 
to  tho  Gkolooical  Magazine  of  December  last  (p.  676),  upon  which 
ho  rominoiits.     Tho  explanation  I  have  to  give  is  as  follows  : — 

Mr.  KorboR  having  stated  that  **the  cupriferous  tetrahedrite  (oc- 
oaNtonally  oontaining  traces  of  silver)  has  been  found  in  small 
ipmntitioN  «t  vnrious  liH^alities  in  both  England,  Ireland,  Scotland, 
n\\\\  WiiK^/*  1  boHovotl  ho  would  be  interested  to  know  of  the  fiMt, 
fc^  tlmt  a  tMn\rili>nms  totmhi»drito,  containing  sufficient  silver  lo  render 
^jl  of  <H>n«i<lf*rablo  oimuuonMrtl  value,  had  been  already  worked  in  kr§i 
■Wilt>jf  for  stMue  time  |Vi8t,  at  the  Silver-vein  mine  in  GomwalL 
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Forbes  has  treated  the  resultB  of  various  assays  (made  for  eom- 
aal  purposes)  which  I  quoted,  as  if  intended  by  me  as  evidence  of 
mineral  being  identical  in  composition  with  that  from  the  Fox-dale 
e,  which  would  have  been  absurd.  The  figures  were  given 
llelj  for  the  pttrpoae  of  showing  that  this  ore  contains  certain 
jButitiefl  of  silver ;  and  I  specially  stated  that  I  knew  of  no 
inaJysis  Tiaving  been  matle  of  it.  Mr.  Forbes  will  notice,  if  ha 
nbn  to  my  letter,  that  I  did  not  use  the  term  polytelite  at  all, 
iQocker  having  proposed  this  name  in  1847,'  for  a  mineral  analysed 
%RammelBborg  in  1846,'  wliich  not  only  contained  between  S  and 
lp«r  cent,  of  ulver,  but  also  from  36  to  38  per  cent,  of  lead,  with 
•JyO-33  per  cent,  of  copper  (and  which  has  been  regarded  by  some 
kiuenlogists  as  an  ai^entiferons  bountoniU).  I  do  not  believe  the 
(bntisb  ore  conlsins  any  lead. 

The  difference  of  opinion  appears  to  arise  from  the  question,  ai  to 
what  constitutes  a  silver-fablerz  ;  but  I  had  not,  nor  have  I  now,  the 
Inst  intention  ti>  enter  upon  a  discussion  respecting  totrahedrite,  and 
ill  many  ^-arietiea,  considerable  difference  of  opinion  existing  as  to 
fte  precise  limits  of  the  latter.  It  is  quit«  possible  that  this  ore 
[which  is  worked  and  sold  in  Cornwall  as  a  silver  and  copper  ore) 
My  b«  an  ai^otiferous  tetrahedrite  only  ;  and  that  is  precisely  the 
Hint  I  hoped  to  induce  Mr.  Forbes  to  determine  by  analysis,  and 
wnce  my  letter.  Thos,  Daviib. 

P.S.— ^inoe  writing  the  above  I  have  been  favoured  with  a  letter 
ftomProf.  A,  H.  Church,  of  the  Royal  Agricultural  College,  Cirencester, 
in  which  he  says  :— "  I  have  found  in  ore  of  my  laboratory  books  the 
determinations  of  silver  in  Cornish  fahlerz  to  which  1  alluded  in 
wnversation  with  yon  some  time  ago.  They  were  made  in  August, 
1869.  for  the  purpose  of  ascertaining  the  value  of  the  ore  raised  from 
Uie  Silver-vein  mine  near  Lostwithiel.  The  following  were  the 
iwaits ;  'TS"!,,  Silver  in  a  mixed  sample  of  ore  in  coarse  powder. 
T"23*|,  Silver  in  a  crystallized  fragment  of  fahlerz.  having  the  density 
t83.     10-4ff'|,  Silver  in  another  crystalline  mass."— T.D. 

THE  BELGIAN  TEBTTARIES. 
Sib,— In  the  December  number  (p.  665),  Mr.  Godwin-Austen 
protests  against  the  observations  which  I  made  on  his  paper  on  the 
Belgian  Tertiariea,  in  my  article  in  the  Qkolooical  Magazine  for 
November  last  (p.  501),  "With  regard  to  my  objections,  1  cjin  only 
ttrare  him  that  I  wrote  them  down  in  order  to  remove  mistakes, 
led  without  tbe  slightest  intention  of  personally  offending  him. 
Mr.  Godwin-Austen  givee  a  list  of  fossils  from  the  Cassel-beds 
(Upper  Oligocene)  in  order  to  corroborate  his  opinion  on  their 
relative  age.  I  am  not  aware  now  where  this  list  is  taken  from, 
bat  that  is  of  no  consequence  ;  but  I  must  assure  him  that  nearly  all 
the  names  there  cited  are  erroneous,  according  to  tbe  works  of 
Stndberger  (on    the   Mayence   Basin),    of  Beyrich   (Norddeutsche 

■  "  Genenim  et  Specierum  Mincrsliuni  9jiiop>ii,"  by  E.  F.  Glocltar,  Halle,  Suony, 
1847.  8TO.,p.  SI. 

■  " Poggnidorfr*  Annslmi,"  vol  IniU.  ISM,  p.  tIS. 


104  Correspondence — Mr.  A.  H.  Qreen. 

Tertiasr-conchylien),  of  Semper  (PalsdontologiBche  Untersachungen), 
and  of  Speyer  (who  has  described  and  figured  a  large  number  of 
fossils  exactly,  from  these  beds  in  Palseontographica), — ^that  is  to  say, 
according  to  all  the  important  works  published  on  that  subject  in 
the  last  ten  or  fifteen  years.  The  opinion  of  Mr.  Nyst,  who  of 
course  is  the  best  judge  about  Belgian  Tertiaries,  has  been  cited 
against  me,  but  this  wtis  his  former  opinion;  it  is  now  quite  in 
conformity  with  mine  after  the  discoveries  of  the  last  few  years. 
Lastly,  I  must  repeat  that  it  is  possible,  and  therefore  necessary,  to 
divide  the  Tertiary  deposits  into  far  more  than  two,  four,  or  six 
periods.  It  is  of  no  consequence  which  names  are  adopted  for  them, 
whether  the  names  Eocene,  Oligocene,  Miocene,  and  Pliocene  are 
associated  with  Lower,  Middle,  and  Upper,  or  whether  we  use  the 
names  given  by  Prof.  Ch.  Mayer  at  Ziirich  to  all  the  different 
"  Etages."  A.  von  Eosken. 

Makbuuo,  Pbussia,  20ih  Dec,,  1867. 

THE  OUSE  VALLEY. 

Sib, — I  am  sorry  that  the  mistake  into  which  Mr.  Searles  Wood 
has  fallen  respecting  the  quarter-sheet  45  N.E.,  of  the  map  of  the 
Geological  Survey  of  England  and  the  Memoir  thereon  obliges  me 
to  request  space  for  self-defence.  Mr.  Wood's  charge  is  that  I  have 
omitted  '*  all  reference  to  the  Glacial  Clay."  It  is  true  that  I  have 
not  sub-divided  the  Drift  of  that  country  into  an  upper  day  and  a 
lower  gravel,  because,  as  far  as  I  could  judge,  I  did  not  find  evidence 
to  support  such  a  classification ;  but  I  have  very  distinctly  stated 
that  Boulder-clay  is  one  of  the  forms  which  the  Glacial  deposits  take 
(p.  63  of  the  Memoir),  and  have  described  sections  where  the  day 
is  to  be  seen  (p.  57).  The  Gladal  Beds  are  not  laid  down  on  the  pub- 
lished map  because,  as  I  have  mentioned  in  the  Memoir  (p.  59), 
**  additional  surface  maps  are  in  course  of  preparation,  on  which  the 
areas  covered  by  superficial  deposits  will  be  marked  out ;"  adding, 
what  every  one  who  has  tried  the  experiment  knows  very  well, 
that  "  it  would  be  impossible,  on  the  one-inch  scale,  to  show  these 
beds  and  the  stratified  rocks  on  the  same  map." 

With  respect  to  the  sections  on  p.  34  of  the  Memoir,  and  p.  564  of 
your  last  volume,  which  Mr.  Wood  finds  so  different,  I  have  only  to 
state  that  the  first  lias  one  scale  for  heights  and  another  for  distances, 
so  that  the  former  are  exaggerated ;  the  other  is  drawn  to  something 
like  a  true  scale.  In  the  one  case  too  the  outline  of  the  supposed 
ancient  valley  is  rashly  drawn  hard,  and  in  the  other  indicated  by  a 
dotted  line.  The  facts  represented  are  exactly  the  same  in  each  case, 
and  I  take  it  rather  hard  that  I  should  be  blamed  because  four  years ; 
experience  has  made  me  cautious  and,  may -be,  rather  a  betterd  raughts- 
man.  I  have  no  wish  to  set  up  my  own  limited  experience,  which 
I  have  urged  in  the  Memoir  (p.  68)  as  a  reason  for  refraining  from 
theorising,  against  the  widespread  and  long-continued  researches  of 
Mr.  Wood ;  but  I  do  expect  him,  befoi'e  he  criticises,  to  do  me  the 
justice  to  read  my  memoir  more  carefully.  A.  BL  Orssh. 

Monk  Brbtton,  Barnslbt,  Januaiy  14M,  1868. 
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Bf  Datd  Foub^  F  JL8. 

PoemndeiiDg  die  nnitiial  lehlMMis  of  tibe  niei^^ 
Chemirtiyy  die  stndait  miui  alwrnys  bear  in  mind  whidi  of 
ftflw  two  acienoes  is  to  ibnn  the  baais  or  rtarting  point  for  lua 
mqpiry,  for  thia  cannot  fiul  to  ezerciae  an  important  infliyy^i?^  on  bia 
ffoaannln^  and  dedoetiona. 

In  wbat  Br.  StenyHont  calla  my  CbemioalCteology/ 1  bare  taken 
flecdogy  aa  my  atarting  pointy  and  then  endeaTonred  to  ^pflj  dbe- 
Buatry,  egpecuiUj  experimentel  diemiatiy,  to  tibe  explanation  of 
known  geologiou  pbenomena.  On  the  other  hand.  Dr.  Hont^  in 
wbat  may  be  termea  his  G^logical  Chemistry,  starts  from  dataporelT 
chemical,  and  dien  looks  aromid  for  geolo^cal  instanoes  to  whidh 
they  may  be  applied. 

Thus,  for  example,  starting  from  the  chemical  fact,  that  a 
aoliition  of  carbonate  of  soda  will  throw  down  carbonate  of  lime 
finom  a  solution  of  the  chloride  of  caldnm,  he  at  once  asserts 
that  the  whole  of  "  the  calcareous  strata,  the  marbles  and  various 
limestones  which  we  find  on  the  earth's  surface,"  have  been  precipi- 
tated from  the  sea  by  a  solution  of  carbonate  of  soda. 

And  again,  Dr.  Hunt  observing  in  the  laboratory  that  tiie  reaction 
of  the  compounds  of  magnesia  with  carbonic  acid  in  a  dense  atmo- 
sphere of  that  acid  could  be  turned  to  account  in  fiacilitating  the 
separation  of  Dolomites  and  Gypsums,  at  once  jumps  at  the  conclu- 
sion "  that  all  magnesian  limestones  and  gypseous  strata  from  the 
most  ancient  up  to  the  Tertiary  periods  were  formed  in  a  dense  atmo- 
sphere of  carbonic  acid.*'  Now  in  face  of  these  assumptions,  I  con- 
tend and  I  feel  confident  the  Geological  world  will  bear  me  out,  that 

^  Here  it  should  be  explained  that  Dr.  Hunt,  from  having  some  time  back  puUiahed 
both  in  England  anA  France  an  outline  of  his  principles  of  Chemical  Geology,  has 
thereby  fairly  laid  himself  open  to  haying  his  views  both  criticised  and  disputed  { 
whilst,  on  the  contrary,  Dr.  Hunt's  knowledge  of  my  views  on  this  subject  could  be 
only  derived  from  the  allusioxiB  to  my  opinions  scattered  through  the  two  papers  re- 
lating to  this  controversy  in  the  Gbolooical  Maoazink  of  Octo^r  1  and  the  Chemical 
Ntwi  of  October  4  of  last  year.  Although  his  virulent  criticism  might  therefore  be 
considered  as  hardly  fair ;  still,  so  far  from  objecting  to  it,  I  feel  truly  thankM  to  Dr. 
Hunt  for  thus  enabling  me  to  strengthen  the  weak  points,  and  inspiring  me  with  more 
confidence  than  before  in  the  return^  of  the  views  on  Chemical  Geology  put  forth  in  a 
lecture  to  the  Chemical  Society,  now  in  the  press. 
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no  (Jeologist  wboeoever  could  in  ^plying  the  study  of  Chomistry  to 
the  explanation  of  the  phenomena  of  his  science  ever  by  any  possi- 
bility have  arrived  at  sodi  sweeping  generalizations. 

When  the  safety  of  Borne  was  ^idangered  by  the  victories  of  Han- 
nibal, the  advice  of  Scipio  to  the  Romans  was  to  save  Borne  by 
attacking  Carthage ;  and  the  papers  of  Dr.  Hmit  in  the  Chemical  New$ 
of  Jan.  17,  and  the  GsoLOOiCAii  MAG^zm  of  Feb.  1st,  evidently 
prove  that  he  is  determined  to  porsne  a  similar  course ;  yet  I  confi- 
dently trust  with  a  different  result,  since  in  this  case  1  believe  the 
forces  at  command  are  fuUy  adequate,  both  for  offence  as  well  as  for 
defence. 

In  this  discussion,  however,  much  more  trouble  is  likely  to  be 
caused  to  me  by  the  method  in  whidi  Dr.  Hunt  carries  on  his  scientific 
warfiire,  and  which  seems  to  partake  of  the  character  of  the  country 
in  whidi  he  resides,  where  the  Indian  system  used  to  be,  to  worry 
out  the  enemy  by  skirmishing,  but  never  to  attack  strong  points ; 
and  the  history  both  of  scientific  discussion  as  well  as  of  nations  has 
shown  how  very  effective  such  a  plan  of  operations  may  prove,  even 
in  the  defence  of  a  very  weak  cause. 

For  this  reason,  therefore,  I  have  considered  it  wise  to  keep  the 
main  points  under  considendion  as  prominently  in  view  as  possible, 
and  if  possible  not  to  aUow  the  discussion  to  become  so  diffuse  as  to 
risk  losing  sight  of  diem,  which  I  fear  the  readers  of  Dr.  Hunt's  long 
communication  may  be  likely  to  do.  Acting  upon  this  determina- 
tion, therefore,  I  have  in  my  reply  to  Dr.  Hunt's  paper  in  the  Chemical 
New$  of  Jan.  17,  which  also  app^ured  in  the  Geological  MAOAznnc 
of  Feb.  1,  given  a  plain  and  concise  statement  of  the  points,  num- 
bered 1  to  9,  in  which  I  have  presumed  to  differ  from  Dr.  Hunt's 
views  ;  and  as  I  now  find  nothing  in  his  subsequent  communication 
to  the  Geological  MAOAznrs  of  February  1  wluch  could  in  any  way 
tend  to  shake  my  conviction  of  the  unsoundness  of  these  points,  I 
must  be  content  to  wait  until  Dr.  Hunt  may  condescend  to  bring 
forward  new  evidence  in  their  defence. 

If  now,  however,  after  a  perusal  of  Dr.  Hunt's -paper  in  the 
February  number  of  the  Geological  Magazine,  it  is  compared 
with  his  preceding  communication  in  the  Chemical  News,  it  will  be 
perceived,  as  the  Editor  of  the  Geological  Magazine  has  already 
observed,  to  be  to  a  great  extent  the  same,  and  in  many  parts  even 
verbatim ;  and  remembering  Dr.  Hunt's  puerile  accusation,  that  I, 
''for  some  imknown  reason,  withheld  from  the  readers  of  the 
Chemical  News"  matter  which  I  published  in  the  pages  of  the 
Geological  Magazine,  it  is  amusing  to  observe  that  Dr.  Hunt 
has  in  like  manner  reserved  for  the  readers  of  the  Geological 
Magazine  several  interesting  observations  which  probably  he  may 
have  considered  (and  with  some  reason)  as  beyond  the  capacity  of 
the  chemists  who  patronize  the  Chemical  News, — among  others, 
for  example,  the  following :  ''As  for  the  noble  metals,  whose  com- 
pounds with  oxygen  are  decomposed  at  elevated  temperatures,  their 
great  volatility,  as  compared  with  earthy  and  metallic  oxides,  would 
^eep  them  in  the  gaseous  form  till  the  laat  stage  of  precipitation  of 
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ewtby  oxidised  matters,  wheo  by  far  tho  grenl^r  part  of  the  globe 
WB8  probably  Bolidified.  Hence  we  now  find  tbem  in  the  earth's 
npe^cial  crust."  And  a  iittio  further,  "  We  cannot  conceive  any- 
thing t-lse  than  the  production  of  a  homogeneous  oxydized  aillcated 
moss,  apon  which,  at  a  late  period,  would  bo  precipitated  the  noble 
metals." 

Chemiate  will  not  require  any  commontB  upon  the  above,  for  they 
ue  accustomed  to  r^^d  Fliitiuum,  for  example,  ae  one  of  the  most 
refractory  bodies  known,  which,  of  course,  cannot  be  the  case  now 
that  Dr.  Hunt  has  mado  this  intareeting  discovery  of  its  great  vola- 
tility at  a  point  at  which  Bilioatea  solidify  ;  ajid  further,  tliey  were  not 
tware  that  the  extreme  refractory  nature  of  the  other  metallic  oxides 
kftd  been  so  completely  demonatratod,  since  some  of  them,  at  least, 
M  XioocL,  Bismuth,  Antimony,  Hotybdennm,  etc.,  are  not  remarkable 
for  that  property  ;  whilst  geologiHts  will  not  feel  convinced  from  Dr. 
Hunt's  mere  assertion  that  the  noble  metals  have  &om  tho  beginning 
been  in  the  earth's  superficial  cnut,  precipitated  on  to  it  from  the 
akies  like  Jupiter'a  golden  rain,  but  may  oleo  be  inclined  to  believe 
that  they  may  have  been  carried  np  from  below. 

The  only  important  point  which  Dr.  Hunt  now  advances  is 
the  courteous  request  for  Mr.  Forbes  to  explain  "  the  intervention 
of  water  in  all  igneous  rocks,  which,  as  he  declares,  are  outburata 
frtini  ihe  slill  fliiiii  iiiTorior  of  our  gli)lie."  Tlio  nlnjvc  words  do  not 
exActly  express  my  views,  sinoe  I  advance  that  igneous  rooks  have 
ttieiT  Bonrces  in  some  "reaenoir  or  rtaenoirt"  of  still  fluid  matter  in 
the  interior  of  the  earth ;  and  I  woold  add  tliat,  by  the  aotions  of 
cspill&rity  and  heat,  I  Bee  no  diffioully  ia  explaining  tJie  infiltratioii 
of  the  requisite  amoont  of  water  for  the  supply  of  such  a  Bonroe. 
A^  however,  I  could  not  even  think  of  aoonsing  Dr.  Hnnt  of  "  na* 
fitmiliarity  with  geological  literature,"  to  nse  his  own  words,  I 
oould  not  suppose  him  ignorant  of  the  writings  of  Daubt^  who, 
in  Europe,  at  least,  ia  regarded  as  somewhat  of  an  authority  on 
Hieee  subjects ;  Dr.  Hunt  will  find  this  question  Mly  anawered 
by  that  gentleman,  whose  words  are :  "  £a  resum^,  sans  exolnre 
I'eau  originaire,  et  en  quelque  sorte  de  constitution  initiale,  que  Ton 
gnppose  generalement  incorporee  aux  masses  interienres  et  fondues, 
M.  Daubrte  est  port4  &  condure  de  1' experience  d-dessns  reiatfe,  que 
I'eai)  de  la  surface  ponrrait,  sous  Taction  oombin^e  de  la  o^illarit^ 
0t  de  la  chaleur,  desoendre  jusque  dans  lea  parties  profondee  da 
g^obe." 

Always  preferring,  when  possible,  a  reference  to  fact  or  experi- 
ment than  to  authority,  1  would  advise  Dr.  Hunt,  in  order  to  form  a 
conception  of  such  strange  action,  to  examine  a  common  Oifford  or 
other  injector  used  to  supply  feed-water  to  a  high  pressure  boiler, 
and  he  will  aoon  perceive  that  the  very  foroea  which  otherwiao  woold 
prevent  the  entrance  of  the  water  into  the  boiler  are  the  very  means 
of  forcing  it  in. 

Dr.  Hunt  also  asks  me  to  remember  "  that  the  oldest  known  series 
of  rocks,  the  Laurentian,  conaista  of  quartzitea,  limestonea,  and  ^«im 
evidently  of  sedimdstojjoii^  and  derived  from  BtiUoViei  witimei&- 
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tary  rocks."  When  I  was  in  Canada,  what  little  I  saw  of  the  Lau- 
rentian  rocks  did  not  at  all  prove  to  me  that  they  had  heen  derived 
from  stiU  older  sedimentary  rocks,  but,  on  the  contrary,  whilst  believ- 
ing that  the  Laurentian  gneiss,  quartzites,  &o,,  were  of  metamorphic 
sedimentary  origin,  I  inclined  to  the  conclusion  that  the  materials  of 
which  they  had  been  reconstructed  had  most  probably  been  the  debris 
of  eruptive  igneous  rocks,  and  this  view  I  have  maintained  sinoe 
1854  with  regard  to  some  of  the  analagous  Norwegian  rocks  which 
Dr.  Hunt  claims  to  be  Laurentian.  To  refresh  my  memory,  how- 
ever, I  have  read  over  the  description  of  the  mineral  characters  of  the 
Laurentian  rocks  in  the  Beport  of  the  Geological  Survey  of  Canada, 
pp.  22-49,  but  can  find  no  evidence  whatsoever  to  the  contrary — and, 
therefore,  without  disputing  the  correctness  of  Dr.  Hunt's  assertions 
on  points  where  he  ought  at  least  to  be  confident,  I  would  ask  whether 
this  statement  is  foimded  on  facts  or  on  hypothesis. 

Dr.  Hunt  devotes  a  whole  page  to  what  appears  to  be  an  inquiry, 
as  to  who  first  showed  that  water  played  a  part  in  igneous  action, 
a  subject  which  may  be  of  personal  or  historical  interest,  but  which 
is  quite  irrelevant  to  the  questions  under  consideration ;  for  all 
geologists  will  persist,  notwithstanding  whatever  Dr.  Hunt  opines 
to  the  contrary,  in  regarding  igneous  action  as  volcanic  action  and 
volcanic  action  as  igneous  action,  nor  can  they  suppose  for  a  moment 
that  any  person,  except  one  who  never  had  seen  a  volcano  in  eruption, 
could  be  blind  to  the  evidence  of  his  senses  and  deny  the  co-associa- 
tion of  vapours  and  gases  with  volcanic  action ; — ^that  the  results  of 
Mr.  Scropes'  admirable  researches  should  have  been  discredited 
and  ridiculed  and  declared  unchemical,  should  be  a  warning  in  future 
to  chemists  not  to  hazard  such  opinions  without  having  studied  the 
subject  in  the  field  as  well  as  in  ihe  laboratory. 

As  Dr.  Hunt  brings  forward  the  question  of  the  density  of  quartz, 
I  may  here  state,  what  I  omitted  in  my  paper  in  the  Chemieal  News, 
that  all  arguments  based  on  this  fact  are  completely  invalidated  by  the 
fact  that  the  specific  gravity  of  crystallised  quartz  out  of  true  volcanic 
lavas  is  2*6,  or  the  same  as  that  of  the  quartz  in  granite ;  and,  further, 
that  Mr.  Sorby's  examination  of  the  quartz  out  of  these  lavas  com- 
pletely proves  that  it  was  crystallized  out  of  the  melted  rock,  and  not, 
as  Dr.  Hunt  would  have  us  infer,  merely  entangled  from  the  debris  of 
originally  sedimentary  strata. 

Having  long  occupied  myself  with  the  application  of  the  micro- 
scope in  geology,  and  repeated  most  of  Mr.  Sorby's  experiments 
relating  to  this  subject,  I  consider  it  superfluous  to  contradict 
Dr.  Hunt  when  he  accuses  me  of  not  understanding  Mr.  Sorby's 
views,  being  quite  content  with  that  gentleman  having  expressed 
himself  decidedly  to  the  contrary.  I  would  recommend  Dr.  Hunt 
also  to  commence  with  the  study  of  microscopic  geology,  and 
can  well  imagine  his  being  disconcerted  when,  on  opening  the  last 
number  of  the  Geological  Magazine,  he  found  a  few  lines  from  Mr. 
Sorby,  quite  sufficient  to  annihilate  all  the  deductions  he  had  so 
elaborately  arrived  at  from  the  study  of  that  gentleman's  memoirs, 
with  ih»  object  of  making  them  serve  his  own  purposes. 
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All  the  other  poiuta  have  been  noticed  in  my  recent  commimication 
to  the  Chemical  Neies,  and  I  would  merely  state  here  that  ob  regards 
Dr.  Hunt's  criticisms  upon  my  views  it  is  probable  that  many  of 
tbem  would  not  oven  have  been  advanced  by  Dr.  Hunt  had  he 
(raited  nntil  the  outline  of  my  views  on  Chemical  Geology,  now  in 
the  press,  had  appeared,  instead  of  selecting  scattered  and  disjointed 
■eniences  for  attack,  ivithout  giving  the  context.  Thus,  for  example 
when  he  accnses  me  of  boing  ignorant  of  the  laws  of  diflfiujion,  he 
would  have  found  my  opinions  expressed  as  follows  : — 

"  Whilst,  on  the  ono  hand,  the  zones  formed  in  the  earth  are  con- 
lidered  to  have  possessed  a  somewhat  stable  or  permanent  charaoter, 
those  formed  in  the  atmosphere  would,  on  the  contrary,  bo  the  reverse, 
for  no  sooner  had  the  gasiform  products  forming  them,  by  in  the  first 
instance  obeying  the  impulse  of  gravity  so  overcome  the  counter- 
acting tendency  of  the  laws  of  diffusion  of  gases,  than  these  latter 
would  assert  themselves,  and,  in  process  of  time,  entirely  obliterate 
this  arrangement." 

And  again,  "  as  before  stated,  this  arrangement  would  be  gradnally 
obliterated  by  diffusion,  but,  as  tha  element  of  time  is  of  vital  im- 
portance in  c^msidering  the  effects  of  diffusion,  it  is  imagined  that, 
before  being  obliterated,  this  arrangement  may  have  had  considerable 
inflnenoo  in  modifying  the  chemical  re-actions  which  took  place  at 
tbie  period  in  the  earth's  history." 

Dr.  Hunt,  whose  knowledge  nf  the  laws  of  diffTinion  does  not  seem 
to  include  any  appreciation  of  the  importance  of  the  element  of  time 
in  their  consideration,  might  just  as  well  tell  us  that  a  lump  of  sugar 
CDold  not  reach  the  bottom  of  a  tumbler  of  water  beoause  sngu 
viU  dissolve  in  water.  As  Dr.  Hunt  seems  to  have  such  respect 
for  anthoritieB  on  the  subject,  I  will,  with  the  greatest  pleasure, 
nbmit  the  question,  whether  the  above  proposition  is  invalidated  by 
the  action  of  the  laws  of  diffusion,  to  Uie  decision  of  Mr.  Graham, 
the  great  expounder  of  these  laws,  and  abide  by  his  verdict' 

lu  the  discussion  of  new  views,  more  is  required  than  mere  quota- 
tions from  old  authorities.  What  is  specially  wanted  are  facts  and 
experimental  evidence.  It  must  also  be  remembered  that  mnch  de- 
pends upon  the  mode  in  which  authorities  ore  made  use  of  in  snoh 
discussions,  since  it  is  often  an  easy  matter  to  select  passages,  or 
diqoint«d  &agments,  &om  the  published  works  of  authoritiea,  which 
may  appear  to  support  almost  any  view  which  may  be  taken  of  a 
subject  under  consideration. 

Dr.  Hunt,  whose  paper  consists,  in  greater  part,  of  references  to 
numerous  authorities,  &om  the  time  of  Thomas  &  Kempis  down  to 
that  of  Sterry  Hunt,  seems  to  be  quite  aware  of  this  fact,  as  an  in- 
stance or  two  will  testify. 

Thus,  when  Dr.  Hunt  quotes  Hopkins  in  support  of  bis  views  as 
to  the  consolidation  of  the  molten  sphere,  he  takes  care  not  to  inform 
his  readers  that  Hopkins  distinctly  declares  bis  opinion  that  the  ex- 
terior was  not  the  last  to  solidify,  but  would  have  consolidated  be- 

'  It  BHt  b*  remnnb«red  that  lh< 
of  gUMrtl  toubinatioD  m  tUi,  nad  di 
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fore  the  interior  bad  became  entirely  solid,  a  view  wbicb  I  bave 
adopted  on  bis  autbority,  and  wbicb  is  diametrically  opposed  to  Dr. 
Hunt's  opinion  that  tbe  surface  of  tbe  eartb  immediately  previoos 
to  its  entire  solidification  was  **  a  liquid  batb  of  no  great  depth,  sur- 
rounding tbe  solid  nucleus." 

Again,  although  be  finds  it  convenient  to  quote  Foxcbammer  in 
reference  to  some  minor  points  quite  beyond  the  limits  of  tbe  present 
discussion,  he  seems  to  be  quite  unaware  of  tbe  fact  Ibat  the  idea  of 
the  saline  crust  of  chlorides,  &o.f  which  be  ridicules  my  having 
adopted,  was  long  before  propounded  by  Forcbammer,  who  made  the 
calculation  that  die  chloride  of  sodium  in  such  a  crust  would  have 
been  fully  sufficient  to  have  clothed  tbe  entire  sphere  with  a  coating 
of  salt  some  10  feet  in  thickness. 

And  yet  again  when  be  refers  to  Sorby's  experiments  as  proving 
many  points  in  favour  of  bis  views,  amongst  odiers  that  quartz  can- 
not be  volcanic,  i.e.,  a  product  of  igneous  fusion  in  nature,  bis  deduc- 
tions are  at  once  entirely  put  to  rout  by  tbe  few  lines  from  Sorby 
himself,  produced  in  my  last  communication  to  tbe  Chemicai  News. 

On  the  other  band,  after  a  careful  consideratiou  of  tbe  various 
memoirs  of  Hopkins,  Forcbammer,  and  Sorby,  along  with  a  careful 
repetition  of  many  of  their  experiments,  I  cannot  discover  any  one 
single  point  inconsistent  with  the  views  I  have  advanced.  I  am 
also  able  to  bring  much  evidence  in  their  favour  firom  tbe  writings 
of  Daubree,  Bunsen,  Durocber,  Phillips,  and  other  men  of  eminence, 
whose  opinions  Dr.  Hunt  evidently  considers  of  no  importance. 

To  prove  that  it  is  better  to  stay  at  home  in  one's  laboratoiy  than 
to  travel  wide  and  far  in  order  to  study  Nature's  operations  in  the 
field  (as  recommended  by  Sir  Charles  Lyell  and  other  eminent  men), 
Dr.  Hunt  quotes  Thomas  h  Eempis,  to  tbe  effect  that  *'  those  who 
make  long  pilgrimages  rarely  become  saints."  What  we  require, 
however,  is  geologists,  not  saints ;  and  it  is  well  known  that  a  Imow- 
ledge  of  the  world  acquired  by  travel  is  the  best  antidote  to  bigotry 
or  one-sided  opinions. 

As  I  have  previously  explained,  I  was  induced  to  enter  into  this 
controversy  (which  I  am  quite  confident  will  do  good  to  science, 
by  ventilating  some  obscure  points)  by  tbe  special  invitation, 
conveyed  in  writing,  from  Dr.  Hunt  "to  have  a  friendly  fight;" 
but  1  now  find,  if  1  may  judge  from  the  style  of  that  gentleman's 
communications,  both  to  tbe  Geologioal  Maoazinb  and  Ckewueal 
News,  that  his  idea  of  scientific  discussion  consists  in  an  attempt  to 
overwhelm  bis  opponent  with  sneers  and  countless  accusations  of 
incompetency  and  ignorance,^ — ignorance  of  chemistry,  of  geology, 

^  Dr.  Hunt  does  not  merely  content  himself  with  mere  accusations  of  ignorance, 
for  when  disputing  my  assertion  that  **  reactions  of  the  compounds  of  magnesia  with 
carbonic  acia  in  an  artificially  compressed  atmosphere  of  that  acid,"  had  long  been 
employed  on  a  large  scale,  he  uses  the  words  **  here  it  becomes  difficult  to  admit 
the  plea  of  ignorance,  which  suggests  itself  for  most  of  Mr.  Forbes'i  prerioua  enxns 
and  mis-statements.*'  I  may  merely  add  that,  since  the  appearance  of  Dr.  Hunt's 
oommimication  in  tbe  Chemtcal  Newt  of  January  17,  1  have  received  yarioua  com- 
munications from  Chemists  and  others,  connected,  or  (UK)uainted,  with  this  manufiie- 
ture,  not  only  offering  to  supply  more  £wt8  in  oorroboration  of  the  truth  of  my 
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of  pebolqgy,  minenlogy,  miorosoopy,  litnatiire  of  the  ralrjeofcy  eta, 
iIbl;  whiM  at  the  tame  time  he  has  not  omitted  to  herald  in  his  own 
Tiewa  as  what  mif^t  be  termed  the  qnintesaenoe  of  the  oombined 
^'raaolta  of  modem  inveatigatioDa  in  phyaica,  ohemiaixy,  mathematioa, 
nd  aatiuiiomy*** 

Would  it  not  have  been  more  wiae,  aa  well  aa  more  becoming,  to 
ka^e  leffc  to  our  readera  the  taak  of  forming  their  own  judgment  upon 
pointa  after  having  weighed  the  eyidenoe  brought  before 
on  both  aidea,  in  the  oooree  of  thia  diaooadon. 
Ebmng  no  pretenaiona,  like  Dr.  Hunt,  either  to  being  a  saint,  or 
even  to  be  veraed  in  aaintly  lore,  I  oannot  dte  Thomas  I.  Eempia, 
jet  I  can,  nevertheleea,  follow  hia  example,  and  even  at  the  risk  of 
appearing  still  more  uncourteoua,  I  really  cannot  resist  ^e  tempta- 
tem  to  remind  him  of  the  old  saying, — ^passed  into  a  proverb  among 
lAymen — that  "  Curses,  like  ohi<»ens,  come  home  to  roost" 

EL — Ox   THX   loNxous   Books  of  Cicabnwood   Fobsst  and  its 

NSIOHBOUBHOOD. 

BytliekU  Ber.  Badbc  Powell,  F.R.8.,  F.O.8.,  fbnnerlj  StriUaa  Profeiiorof 

Geometry  in  the  UniTenitj  of  Oxford. 

PHni  piper,  written  in  1859,  hu  been  obligingly  oommmiicated  to  (he  Editor  hr 
WABmoTOir  w.  Smtth,  E^.,  F.R.8.,  President  of  the  Geological  Society  of  London.] 

rVtHE  geology  of  Chamwood  Forest  appears  to  have  been  first 

1        systematically  investigated  by  Professors  Sedgwick,  Whewell, 

d  Airy  in  1833.   A  very  brief  notice  of  their  labours  by  C.  Allsop, 

is  appended  to  the  history  of  Chamwood  Forest  by  J.  B. 

Potter,    1842,   as  is  also  a  valuable  and  detailed  memoir  on  the 

geology  of  the  district,  by  J.  B.  Jukes,  Esq. 

More  recently  the  labours  of  the  Government  Survey  have  fur- 
niahed  us  with  the  geological  colouring  of  the  Ordnance  Map,  and 
^eritli  several  sections ;  accompanied  by  a  few  notes  by  H.  Howell, 


Since  these  researches  I  am  unable  to  learn  that  anything  has  been 
pablished  on  this  interesting  region,  which  is  admitted  by  Mr.  Jukes 
to  present  many  problems  for  investigation.  In  the  very  elaborate 
claiissified  index  of  Mr.  C.  W.  Ormerod,  F.G.S.  (1858),  not  a  single 
instance  occurs  of  any  paper  illustrative  of  the  geology  of  this 
diatrict,  having  been  published  in  the  Quarterly  Journal  of  the 
Geological  Society  of  London. 

Having  enjoyed  an  opportunity  of  residing  upwards  of  two  months 
in  this  region,  daring  the  summer  of  1859, 1  examined  and  collected 
specimens  from  nearly  every  locality  of  igneous  action.  The  brief 
notioes  here  given  have  no  pretensions  beyond  that  of  being  faithful 
records  of  a  few  facts  which  fell  under  my  notice,  which  do  not  seem 
to  have  been  previously  attended  to,  but  which  appear  to  bear  on 
the  questions  still  open  to  discussion,  as  to  some  of  the  gcologioal 
features  of  this  remarkable  district 

■■ntinTi.  but  also  directing  my  attention  to  an  expired  patent,  taken  out  manj 
jmn  ago  (No.  9102,  a.d.  1S41)  by  the  late  Mr.  Pattiaon,  of  Newcaatle,  in  whien 
these  i£ntical  reactions  are  emboued. 
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Ncmendaiwre, — The  mmp  of  ihb  QeAofpai  Sarwej  maiks  grmtUe 
at  Mount  Sonel ;  mfem'U  at  Biadgato,  Mazkfield,  and  other  plaoea. 
In  the  margin  of  the  map  they  are  hoth  daased  as  igmeofu  rooks. 
But  in  the  M  unenm  of  Economic  QwAogyt  specimens  firom  all 
(except  Mount  Sorrel,  from  which  there  is  no  specimen)  are  arxanged 
under  the  name  of  aliered  rocks.  Mr.  Jukes  descrihes  them  all  as 
mfemite.  In  the  Museum  there  is  a  specimen  descrihed  greensiome  from 
Quomdon.  This,  I  presume,  is  from  the  quarry  in  Buddon  Wood, 
which  is  part  of  the  Mount  Sorrel  mass.  I  have  found  spedmens 
closely  resemhling  greenstone  in  the  Mount  Sorrel  quarries.  In 
fact,  among  specimens  collected  from  all  these  quarries,  many  are 
found  exactly  alike  from  the  most  distant  localities,  while,  in  the 
very  same  rock,  varieties  so  distinct  may  he  found  that  it  might  he 
described  by  the  most  different  designations.  Even  in  the  same 
specimen  there  is  often  a  transition  from  the  most  ooarse-gFsined 
mottled  white  or  pink  syenite  to  the  most  compact  mass  resembling 
greenstone. 

The  nomenclature  of  igneous  rocks  has  confessedly  been  ill-de- 
fined.  But,  perhaps,  recent  remarks  rather  lead  to  a  general  disre- 
gard of  such  distinctions,  and  to  giving  more  prominence  to  the  idea, 
so  strongly  supported  by  the  researches  of  Mr.  Marshall  and  others 
(British  Association,  1858,  and  Prof.  Phillips'  address  to  €^1. 
Society,  1859),  that  they  are  all  simply  varieties  of  a  very  few 
primary  types  under  different  conditions  of  fusion. 

Still  there  is  the  material  question  involved,  how  fiir  any  given 
rock  is  properly  a  deposit  or  sedimentary  formation,  remaining  as 
such  even  though  much  dislocated  and  disturbed,  but  which  has  been 
altered  in  its  constitution  perhaps  totally  by  the  action  of  heat  from 
below, — and  how  far  it  is  an  original  fused  or  hypogene  mass  carried 
up,  in  a  fused  state,  by  eruptive  action  into  its  existing  position 
among,  and  breaking  through,  other  rocks.  In  the  phenomena  pre- 
sented by  the  rocks  of  Chamwood  and  its  neighbourhood  there  are, 
confessedly,  many  problems  of  this  kind  still  open  for  investigation. 

LoeaiiUes  of  Igneous  AetiaiL — Commencing  with  the  admitted 
purely  eruptive  masses  of  Mount  Sorrel,*  including  the  hills  of 
Buddon  Wood,  adjoining  to  Quomdon,  and  several  minor  outbursts 
of  the  same  syenitic  or  granitic  rock,  upon  and  adjacent  to  Mount 
Sorrel  Common,  indicating  the  general  substratum, — ^we  trace  a 
remarkable  continuous  development  of  the  same  rock  in  a  S.W. 
direction,  at  the  top  of  Eirksley  hill,  along  its  side,  at  the  farm, 
at  its  base,  and  lastly,  at  Brazil  or  Basil  Wood,  in  the  valley ; 
within  half-a-mile  of  the  village  of  Swithland,  and  at  about  the 
same  distaaoe  from  the  oommenoement  of  the  slate  district  to  the  N.W. 

Brazil,  or  Banl,  Wood. — ^This  locality  is  one  of  peculiar  interest. 

The  G^logical  Survey  accurately  marks  three  patches  at  this  spot, 

as  igneous. 

^  The  syenite  of  Moimt  Sorrel  has  yielded  seyeral  minerals,  amongst  which  may 
be  mentioned  Molybdenite  {ndphuret  of  MolvMena),  by  no  means  of  common  occur- 
rence in  England.  Associated  with  it,  in  the  same  (quarry,  occur  copper  and  iron 
pyrites,  the  latter  but  sparingly  distribnted.  These  mmerals  appear  to  occapy  de- 
finite planas,  or  points,  m  the  syenite.— B.  £.    Gsol.  Maq.,  YoL  III.,  p.  626. 
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Hm  fint  of  Hum  oonsiitB  of  wbat  mi^t  to  a  oasoal  obmrrsr 
■an  menly  «  small  heaft  of  tmuportod  tdooks  in  the  New  Bed  mul, 
lat  the  l^w  Vlodu  ore  deq>l;  mbodded ;  tiie  groimd  falLi  on  eveiy 
rid*  from  me  mnts :  and  tt  Has  the  anpeaianoe  of  a  true  outbreak. 
Iheae  mnntm  consist  entirely  of  a  dark  syenite,  oouse-grsined,  with 
htM  black  crystals  of  hornblende. 

The  other  two  msnea  ooonr  in  the  adjaorat  wood.  Hi^  are  boQt 
miaD  kooDs  or  hills,  covered  to  the  saminit  widi  the  red  marl, 
nfBciently  thick  at  all  parts  to  bear  not  oniy  wood,  bat  tzeee  (^ 
•onmdeiable  sise. 

In  tlie  most  northemly  of  these  knolls,  small  portions  of 
everywhere  project,  oonsiBting  of  a  deep  syenite,  more  closely 
"  than  the  former.  Bome  blocks  also  oconr  of  a  pink  hoe ; 
t  of  Monnt  Sorrel. 

Of  the  third  mass,  perhaps  one  half  has  been  qnarried  away. 
ne  section  shows  the  red  marl,  covering  it  to  the  top.  The  natnre 
at  this  rook  is  peonliar ;  at  some  parts  the  pink  ^enite  oocnrs,  bat 
odIt  in  thin  beds,  between  the  other  portions,  in  varioasly  inclined 
positions.  ^  some  parts,  hnt  very  rarely,  this  syenite  is  ftall  of 
jittering  scales  of  mica,  which  it  has  been  snggested  to  me  indicate 
Ae  sction  of  heat  by  their  peonliar  appearance.  This  is  the  only 
kwality  in  which  I  have  found  any  mica ;  excepting  minute  speoka 
cf  it  which  may  be  detected  in  some  spedmens  nom  Hount  SottoL 

The  great  mass  of  the  quarry  oon§iatB  of  a  very  dark,  compact, 
hard  rock,  largely  used  for  road  making,  and  esteemed  by  the  work- 
men the  hardest  in  the  district  Throughout  many  portions  minute, 
hard,  and  brilliant  crystals  are  diffused.  In  some  speoimens  they  lie 
in  bands  or  veins,  while  the  rest  is  destitute  of  them. 

At  one  part,  in  a  kind  of  oomer  between  two  upheaved  masses,  a 
portion  of  the  same  rock  is  seen  oontorted,  as  in  the  annexed  sketch. 
(Fig-1.)  Thisdaricrock,  which  seems  unique  in  the  district,  has  not,  as 


3nDiid-plui   or 
Baddan  Wood. 
1,  1,  e,  ponioiu  of  Biultto  Dfki. 

far  as  I  can  find,  been  noticed.    From  an  examination  of  my  specimens 
it  has  been  described  to  me  as,  probahly,  a  micaceous  slate,  altered 
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bj  oontact  with  the  igneous  rook.    If  so,  this  locality  exhibits  a  trae 
jonctioii  of  the  slate  and  igneous  rook,  not  hitherto  detected. 

Basaltic  Dykes, — Mr.  Jukes,  in  his  Memoii*  (1842),  has  oixxmm- 
stantially  described  two  basaltic  dykes  in  the  neighbourhood  of 
Mount  Sorrel.    Neither  of  these  can  now  be  traced  as  described. 

The  first  is  mentioned  in  the  quarry  near  the  Buddon  Wood,  on  the 
opposite  side  of  the  road.  The  ground  plan  of  this  pit  is  annexed  (Fig.2 ). 
It  is  situated  in  the  slope  of  a  hill,  and  opens  level  with  the  ground 
at  the  south  end.  The  rock  is  everywhere  syenite,  like  Mount  Sorrel, 
except  at  the  points  marked  a,  h,  c,  where  there  rise  up,  from  the 
floor  of  the  pit,  two  small  projections  (a,  6),  of  a  dark  brown,  but 
not  very  haid,  rock,  much  split  and  shattered,  perhaps  two  or  three 
feet  in  height  and  breadth,  and  extending  six  or  eight  feet  in  length; 
and  at  c  a  small  buttress  of  the  same  rock  projects  from  the  wall, 
but  no  termination  of  it  can  be  traced  on  the  other  side.  The  mass 
of  the  dyke  has,  doubtless,  been  quarried  away  sinoe  Mr.  Jukes 
wrote. 

The  second  dyke  is  described  as  existing  in  Simpson's  pit,  near 
the  S.W.  comer  of  Mount  Sorrel  Common.  This  small  pit  is  not 
now  worked.  I  found  it  (1859)  filled  up  partly  Mrith  rubble,  partly 
with  syenite,  broken,  and  worked  for  paving.  In  this  I  could  find  no 
specimen  of  basalt.  And,  in  carefully  examining  all  the  rock  which 
appears  round  the  margin,  could  detect  no  appearance  of  the  termi- 
nations of  any  dyke.  It  must,  probably,  have  been  all  quarried 
away  like  the  first.  Lest  any  mistake  as  to  the  locality  should  have 
been  committed,  I  carefully  examined  every  pit,  or  appearance  of 
rock,  in  the  neighbourhood,  but  could  detect  nothing  like  a  basaltic 
dyke. 

At  quite  the  opposite  side  of  the  forest,  near  Markfield,  in  a  pit  at 
the  cross  roads,  another  dyke  has  been  pointed  out  by  Mr.  Jukes, 
which  is  remarkable  from  the  conformable  manner  in  which  the 
altered  slate  is  superimposed  on  it.  I  found  it  to  consist  of  an 
intensely  hard,  compact,  dark  grey  mass,  presenting,  when  exposed, 
a  rounded  surface,  to  which  the  slate  conforms.* 

Anticlinal  Axis, — ^Tlie  anticlinal  axis  of  the  slate  district  was 
originally  traced  by  Professors  Sedgwick,  Whewell,  and  Airy  in 
1833,  in  a  line  extending  from  near  Whitehorse  Wood  at  the  N.W., 
to  somewhere  near  Swithland  Wood  at  the  S.E.  The  more  detailed 
examinations  of  the  Government  Survey  have  confirmed  this  general 
direction,  but  show  the  necessity  for  some  modifications  in  its  details. 
But  the  general  resulting  character  of  the  elevation  has  not  been 
clearly  described. 

In  its  northern  portion  the  anticlinal  axis  is  clearly  defined  running 
in  nearly  a  straight  line,  for  the  most  part  in  a  continuous  valley 
the  hills  on  each  side  having  opposing  dips  from  the  neighbourhoo 
of  Whitehorse  Wood,  in  a  S.E.  direction  as  far  as  to  near  Bandon 

^  In  the  extensiTe  syenite  quarry  at  Markfield,  a  Tein  of  comDact  calcite  oocon  of 
considerable  extent ;  it  has  a  red  or  pink  tinge,  and  possesses  throughout  the  well- 
defined  rhombic  cleavage.  It  has  oeen  proposed  to  use  this  for  eoonoauoal  pnr- 
poees,  owing  to  the  extent  of  the  vein  and  its  pure  character. 
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Cbsde.  From  this  point,  continuing  still  in  the  same  direction^  a 
boondaiy  line  is  clearly  marked,  on  &e  N.E.  side  of  which  the  dip  is 
itiU,  as  before,  towards  the  N.E.  as  far  as  to  the  neighbourhood  of 
Swithland  Wood.  Bat  on  the  S.W.  side  of  this  Ime  a  different 
aimngement  occars.  Throughout  a  considerable  space  of  a  triangular 
film,  whose  points  are  Bandon  Castle,,  Hammercliff,  and  Oreenhill, 
tke  direction  of  the  dip  hu  not  been  aacertainedy  probably  from  the 
few,  if  any,  indications  of  rock,  except  those  of  igneous  character,  at 
te  top  of  the  hills  just  named,  all  the  lower  district  being  covered 
with  the  new  red. 

Continuing  towards  the  S.E.,  commencing  from  Greenhill,  we 
enter  a  district  extending  thence  to  Groby  on  one  side,  and  to 
Holgate  on  the  other,  within  which  a  new  direction  of  the  dip  prevails, 
being,  on  an  average,  almost  uniformly  at  the  S,E,,  or  at  right  angles 
to  the  former  directions.  This  region  includes  the  hiUs  of  Bencliff, 
Old  John,  and  others.  On  the  outside  of  this  region,  both  (as 
already  shown)  to  the  N.E.  and  also  to  the  S.W.,  the  original  op- 
posing directions  of  the  dip  prevail,  and  extend,  with  few  trifling 
irregularities,  to  the  boundmes  of  the  slate  district  on  either  side. 

It  would  be  important  that  the  intermediate  region  just  mentioned 
should  be  more  closely  examined,  to  discover,  if  possible,  precisely 
where  the  change  in  the  dip  commences. 

delation  of  the  dip  to  Igneous  Action, — This  remarkable  disposition 
of  the  directions  of  the  dip,  and  interruption  of  the  regularity  of  the 
axis  of  elevation,  seem  to  bear  a  relation  to  the  localities  of  igneous 
action. 

Along  the  whole  N.E.  side  of  the  Forest  generally,  there  are  few 
or  no  indications  of  igneous,  or  porphyritic,  rock,  even  among  the 
most  remarkably  elevated  and  dislocated  slate  rocks.  As  we  ap- 
proach the  axis  towards  its  northern  part,  such  indications  occur, 
though  sparingly  ;  but,  when  we  come  to  the  intermediate  region,  the 
instances  of  igneous  action  become  more  frequent  and  remarkable, 
especially  within  that  region,  and,  in  some  degree,  outside  of  it. 
More  precisely  near  the  northern  termination  of  the  axis,  in  the 
valley  under  the  S.W.  side  of  Buck-hill,  and  further  on,  nearly  in  the 
same  direction,  at  Long  Cliff  and  New  Cliff,  developments  of  green- 
stone occur,  but  they  do  not  rise  to  any  elevation  above  the  surround- 
ing district 

In  the  same  region,  further  to  the  S.,  in  the  vaUey  under  the  S.W. 
bore  of  Beacon-hill,  it  is  stated,  in  Mr.  Allsop's  notice,  that  Prof. 
Sedgwick  detected  a  small  manifestation  of  syenite ;  but  it  is  not 
recognized  in  the  Survey.  I  examined  the  locality  described, 
answering  to  which  there  are  two  pits:  one  close  above  the  farm 
called  Alderman's  Haw,  which  shows  a  close  grained,  dark  grey 
rock,  presenting  little  of  the  ordinary  appearance  of  syenite,  and 
more  resembling  porphyry;  at  another  point,  a  little  higher  and 
more  to  the  W.,  there  is  a  larger  mass  of  the  altered  slate  rock.  Of 
this  another  instance  is  marked  in  the  Survey,  on  the  top  of  Block's- 
hill,  still  more  to  the  S. 

Black-hill, — In  the  same  region  of  N.E.  dip,  but  somewhat  S.  of 
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the  point  of  oommencement  of  the  intermediate  r^on,  we  have  a 
locality  marked  in  the  Survey  as  one  of  feldspathic  porphyry^  At  the 
summit  of  Black-hill,  which  offers  a  peculiar  appearance,  diffarent 
from  others  similarly  designated. 

These  all  retain  extemsdly,  at  least  at  their  upper  parts,  the  usuil 
jagged' and  split  character  of  the  slate,  however  altered  and  fused 
below.  But  Black-hill  presents  a  very  different  appearance.  To  a 
casual  observer  the  top  of  this  hill  (covered  by  a  plantation)  might 
seem  merely  over-spread  with  a  collection  of  blocks ;  they  are  mostlj 
of  that  comparatively  smooth  appearance,  with  partially  rounded 
edges,  which  is  totally  different  from  the  jagged  structure  of  the 
slate.  When  more  carefully  examined  most  of  these  blocks  are  fomid 
to  be  deeply  imbedded,  and,  in  some  instances,  closely  aggr^ated 
together,  "iniis  seems  allowed  to  constitute  the  evidence  of  their 
being  a  true  porphyritic  rock  in  Bii^. 

Intermediate  region, — Recurring  now  to  the  region  before  men- 
tioned, intermediate  between  the  opposing  dips,  the  first  igneous 
locality  which  claims  our  notice  is  the  hill  on  which  is  situated  the 
farm  called  Bawdon,  or  Baldwin,  Castle,  which  is  marked  in  the 
Survey  as  syenite  at  the  top,  surrounded  by  slate,  and  on  one  side  by 
the  New  Red  marl. 

On  the  body  of  the  hill  no  rock  whatever  is  visible  ;  the  whole 
surface  being  under  cultivation,  and  covered  apparently  with  the  New 
Red  marl,  as  most  of  the  lower  hills  are. 

In  two  fields,  just  below  the  summit,  a  few  comers  of  nx^  project 
through  the  turf,  and  there  are  many  scattered  blocks. 

Bawdon  Castle. — At  the  summit,  in  the  midst  of  that  one  of  the 
two  plantations  nearest  the  farm,  thickly  overgrown  with  under- 
wood, which  renders  it  not  easy  to  find,  is  a  small  knoll  or  mass  of 
rock,  consisting  mainly  of  large  pieces  irregularly  piled  up.  The 
specimens  are  so  closely  grained  and  compact  as  to  resemble  green- 
stone much  more  than  syenite ;  as  is  the  case  also  with  some  of  the 
portions  just  below,  before  mentioned.  Among  these,  however,  and 
among  the  blocks,  I  found  several  specimens  of  the  usual  type  of 
pink  syenite,  as  well  as  others  less  marked,  and  approaching  more 
nearly  to  the  former  character.  In  the  museum  of  the  Survey  there 
is  a  specimen  marked,  '^Greenstone  from  Bawden-hill,"  whidi,  I 
presume,  is  from  this  locality.  But,  throughout  the  district,  the 
names  are  most  variously  spelt  and  pronounced. 

Line  of  Igneous  action, — ^The  most  marked  feature  in  the  inter^ 
mediate  region,  is  the  occurrence  of  several  points  of  igneous  actioii 
on  the  tops  of  the  hills  called  Oreen-hill,  Bencliff,  and  Old  John,  all 
lying  in  a  straight  line  with  each  other,  and  with  Black-hill,  and 
parallel  to  the  axis. 

Out  of  this  line,  at  a  point  near  the  S.W.  base  of  Bencliff-hill,  I 
have  noticed  another  locality,  not  marked  in  the  Survey,  where  there 
appears  a  mass  of  porphyritic  rock,  which  seems  to  approach  closely 
towards  syenite  in  character,  in  a  plantation  by  the  side  of  the  road, 
near  the  foot  of  the  hill  leading  up  from  the  Ulverscroft  valley. 

Old  John-hill, — On  the  hill  called  Old  John,  one  part  is  maiked 
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k  Ae  Survej  as  altered  slate  or  feldapathio  porphyiyyof  whidhflieie 
■•  apeoimeiMi  in  the  Muaenm,  juatlj  deaonbea  as  ezhibitixig  great 
•fliion  of  heat.  But  these  characters  are  by  no  means  conmied  to 
CBS  mp&t,  bot  are  exhibited  by  various  rooks  about  different  parts  of 
die  hilly  especially  in  a  laige  mass  of  rock  on  that  part  immediately 
dNnre  Holgate,  marked  picturesquely  by  a  gnarled  oak  growing  out 
of  flie  crovioes. 

Hieoe  appearances  of  igneous  action  become  more  numerous  as  we 
approach  the  syenite  of  Biadgate. 

SfemU  of  did  John-hitt. — ^Besides  a  remarkable  isolated  mass  of 
VfBiite,  near  the  base  of  Old  John-hill,  dose  to  one  of  the  plantations 
of  Bradgate  Park,  which,  I  believe,  has  not  been  described,  there  is, 
on  the  shoulder  of  the  same  hill,  just  over  the  village  of  Newtown, 
mder  a  dump  of  trees,  a  remarkable  collection  of  blocks  of  syenite. 
Bone  of  these  seem  deeply  imbedded.  Are  these  merely  transported 
and  heaped  on  that  one  spot?  or,  is  it  not  an  analogous  case  to  that 
of  Blaok-hOl — a  true  manifestation  of  syenite  in  siA  ? 

Igneou$  aetum, — It  is,  theoretically,  quite  conceivable  that  a  true 
%iieoii8  eruption  might  have  vented  itself  with  so  little  force  as 
Bierely  to  break  off,  as  the  erupted  matter  cooled,  in  detached  lumps, 
specially  when  under  the  8ea»  and  be  scattered  over  a  small  sur- 
Cms  immediately  adjacent,  as  in  these  instances ;  while  it  might 
have  been  only  the  same  kind  of  action,  in  higher  intensity,  whidi 
protruded  the  heaps  and  knolls  pf  rock  at  several  other  localities,  and 
the  larger  and  loftier  hills  in  otiier  places. 

Following  the  indications  of  igneous  action  in  this  central  region, 
as  we  approach  its  S.E.  boundary,  towards  the  syenite  of  Bradgate, 
we  are  naturally  led  to  connect  them,  and  to  imagine  that  the  igneous 
force,  after  expending  itself  while  pent  up,  in  elevating  the  slate  by 
a  regular  fracture,  producing  the  axial  valley,  with  opposing  dips 
along  its  sides, — in  some  cases  altering  the  slate  into  porphyry  when 
H  came  into  closer  contact,  and  even  in  one  or  two  places  itself  find- 
ing a  vent, — at  the  commencement  of  this  intermediate  region  began 
to  force  up  new  matter,  filling  up  the  fracture  with  elevations,  through 
wUch  in  some  places  the  fused  matter  protruded,  and  at  length  ter- 
minated in  exuding  through  a  wider  space  about  Bradgate  and  its 
neighbourhood. 

It  has  been  argued  by  some  that  rocks  adjacent  to  igneous  erupted 
matter,  not  altered  or  upheaved  by  it,  must  have  been  subsequenUy 
deposited.  I  do  not  see  the  force  of  this  conclusion ;  for  if  we  sup- 
pose the  elevating,  dislocating,  and  altering  force  to  be  that  of  the 
Igneous  action,  so  long  a«  it  was  pent  up  beneath  the  superincumbent 
mass,  then  as  soon  as  it  found  a  vent  the  fused  matter  would  be 
ejected  quietly  without  injury  to  the  adjacent  rocks,  like  steam  when 
the  valve  is  opened. 

Extension  of  axis. — ^The  line  of  the  axis  has  been  traced  to  extend 
to  the  limestone  region  at  Breedon,  beyond  the  N.W.  end  of  the 
slate  region,  and  is  nearly  parallel  to  the  great  fault  which  abrupUy 
bounds  the  coal -field  of  Ashby  on  the  W.  side  towards  Chamwood, 
as  well  as  to  other  faults  which  traverse  it 
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These  facts  seem  to  show  that  through  a  considesdble  distance  to 
the  N.W.  the  same  subterranean  foroe  operated,  perfaass  in  still 
greater  intensity,  as  is  indicated  by  the  violent  distimMoioe  and 
almost  vertical  position  of  the  limestone  at  Breedon,  and  the  eMV* 
mens  fault  of  500  feet  near  Whitwick ;  and  would  accord  witJi  thi 
fact  of  the  absence  of  any  indication  of  igneons  eraption,  or  vent  to 
the  hypogene  matter,  in  these  regions 

Localities  of  igneous  action  8.  W,  side. — ^It  is  along  the  S.W.  side  of 
the  Forest  hiUs  that  the  marks  of  igneons  action  are  by  far  the  most 
frequent  and  remarkable.  There  is,  in  fiust,  in  this  part  one  main 
line  running  nearly  parallel  to  the  anticlinal  axis,  along  which  they 
seem  to  follow  a  continuous  series. 

On  the  south  side  of  the  road  leading  from  Newtown  to  Mark- 
field  1  noticed  a  small  pit  displaying  a  porphyritic  rock,  approaching 
to  Syenite.  This  I  believe  to  be  the  most  southemly  point  in  this 
series  or  range  as  yet  detected. 

Continuing  to  the  N.W.  1  have  also  noticed  a  smaU  mass  of  a 
similar  porphyritic  rock,  at  the  end  of  the  same  range  of  hiU  which 
at  about  half-a-mile  further  in  the  same  line  to  the  N.W.  brings  us 
to  the  remarkable  ridge  bearing  the  inviting  name  of  Hammerdiff, 
marked  in  the  Survey  as  porphyritic  or  altered  slate  along  its  sides 
and  ends,  while  the  summit  is  an  outburst  of  Syenite.  There  is  a 
specimen  of  Greenstone  in  the  Museum  of  the  Survey  from  Copt  Oak 
Farm,  which  lies  just  below  the  summit  of  this  hill. 

Pursuing  the  Ime  of  this  range  still  to  the  N.W.,  we  have  the 
rocks  of  Birchwood  plantation  marked  Greenstone  in  the  Survey, 
but  in  the  Museum  named  porphyritic  Cambrian,  which  agrees  much 
better  with  what  1  have  noticed  of  its  character.  Further  in  the 
same  direction  occurs  the  similar  rock  (by  whichever  name  de- 
signated), of  GreenhilL^  These  ridges  at  length  terminate  further 
still  in  the  same  general  line,  in  the  extensive  tract  or  elevated 
plateau  bounded  by  the  porphyritic  or  altered  Cambrian  rocks  of 
High  Towers  and  Tin  Meadow,  etc.,  on  the  south,  and  of  Hi^ 
Sharpley  and  High  Cadman,  etc.,  on  the  north,  including  among  the 
former  those  of  Pedlar's  Tor,  which  furnished  the  specimen  of  Citb- 
taline  Cambrian  in  the  Museum  of  the  Survey.  In  the  midst  of  wis 
elevated  plain,  with  its  horizon  eveiy where  bounded  by  these  jagged 
and  fantastic  forms  of  rock,  amid  partial  attempts  at  enclosure  and 
cultivation,  stands  the  monastery  of  S.  Bernard. 

Character  of  altered  rocks, — The  extensive  ranges  of  rock  on  the 
monastery  hills  are  graphically  described  by  Mr.  Jukes  as  presenting 
all  varieties  and  degrees  of  igneous  action  mixed  in  inextricable  con- 
fusion. The  specimens,  however,  which  I  have  collected  from  various 
parts  of  this  region  all  agree  in  exhibiting  the  same  more  or  less  grey  J 
porphyritic  appearance  and  manifestly  faded  character. 

Deposition  of  the  New  Red. — ITiat  the  New  Eed  marl  throughout 
this  district  has  been  deposited  unconformahly  upon  the  slate,  and 
therefore  since  its  dislocation,  is  palpable  from  the  mere  fact  of  the 
universally  high  inclination  of  the  strata  of  the  slate  and  the  roM- 
paratively  level  p6sition  of  the  New  Red. 

1  A  different  hill  from  that  before  mentionedi  bearing  the  lame  name* 
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Bnt  then  are  Boranl  ]ooa]itiM  'nlme  Hia  New  Bed  haa  oleai^ 
vdergone  lome  dieturtwikoe  nnoe  its  deporition.  In  the  oases  whioh 
I  have  obserred,  the  indination  of  the  sttata  of  the  New  Bed,  marked 
hj  dutinot  bands,  does  not  ainoimttomorBth&nl2°  or  IS'*  measured 
«■  the  snrface  of  the  section  exposed.  Bat  the  real  dip  may,  of  oourse, 
awnmt  to  on;  qnantily  grsater  than  this.  Sketches  of  a  few  cases 
OB  atmexed.  lieee  are  oil  instanoes  of  deposition  orer  elate.  Some 
MMs  where  the  New  Bed  is  deposited  over  igneous  rooks  have  been 
Wbte  notioed. 


Fig.  i.  Mr.  ElUl'l  Pit,  mmt  tlu  a 
ib«.  New  Bed  SuditoD*.    1. 1.  BUIe.    c.  Ctje.    

In  Figi.  s,  i,  ud  J.]; 

Other  cases  are  those,  for  example,  at  Groby,  mentioned  by  Mr. 
Jikes,  and  where  I  have  seen  a  good  inHtance  of  the  horizontal  de- 
BNitioii  of  the  New  Red,  immediately  over  the  eyenile.  Again,  at 
Kew  Cliff  the  New  Red  is  undiaturbed  by  the  greenBtone.  The 
Ijenite  hills  of  Buddon  Wood  are  densely  covered  with  trees,  even 
it  their  Bummits,  growiag  apparently  out  of  no  inconsiderable  thick- 
MSB  of  the  New  Ited  marl.  This  is  more  remarkably  the  case  in  the 
■fampt  knoll,  or  ridge,  which  forms  the  top  of  Kinlesley-hill,  the 
■pper  end  of  which  is  cut  away  by  a  quarry,  and  the  whole  bears 
kvge  trees,  the  thickness  of  soil  being  exposed  by  the  face  of  the 
fiarry,  though  no  distinct  marks  of  stratification  enable  us  to  judge 
rfita  confonnability.  At  the  lower  end  of  the  knoll  (which  slopes 
towards  Swithland)  there  is  a  small  quan?,  where  the  superpositioD 
ef  the  New  Bed  is  still  more  apparent. 
Conruxion  of  Igniou»  ifoei*.-— The  syenite  or  gmnito  of  Broadgate 

id  Groby  has  been  ejected  over  a  oonaiderable  space,  mostly  with- 
nt  being  forced  up  to  any  elevation  above  the  surrounding  region  ; 
bat  at  Markficld,  and  in  a  less  degree  at  Cliff-hill,  it  baa  risen  in 
I^her  and  isokted  hills;  while,  on  the  same  side  of  this  district, 

■tanding  apart  to  the  westward,  the  greenstone  of  Bardon-hill  attains 
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the  greatest  elevation  of  them  all,  rising  to  800  feet 
in  an  isolated  peak,  covered  entirely  with  dense  wood,  e 
knoll,  or  ridge,  at  the  top.  These  outbursts,  which  at  a 
flank  the  S.  and  W.  of  the  slate  district,  seem  to  be  nc 
connected  with  the  similar  developments  at  Mount  801 
and  E.  Such  a  junction  may,  possibly,  be  indicated  by 
ridge  in  the  New  Bed  sandstone,  which  reaches,  nearh 
line,  from  Bradgate  Park  to  Botherby  Plain,  near  1 
along  which,  and  in  the  valley  below,  blocks  of  Syenite  cox 
The  yet  more  probable  extension  of  a  similar  rock,  i 
southerly  direction,  has  been  inferred  by  Mr.  Jukes,  fr< 
renoe  of  small  manifestations  of  it  in  the  New  Bed,  al 
in  a  line  to  a  distance  of  about  15  miles  or  more,  at  E 
Enderby,  Marborough,  Croft,  Sapcote,  and  Potter's  Mai 
add,  that  a  further  distance,  of  nearly  the  same  extent 
direction,  brings  us  to  Arbury-hill,  near  Daventry,  at 
in  the  operations  of  the  Trigonometrical  Survey,  Capt 
that  remarkable  deviation  of  the  plumb-line  of  nearly 
which  he  attributes  to  an  increase  of  gravitation  at 
owing  to  the  presence  of  a  dense  rock  below  the  surface 
its  probable  connexion  with  ''Mount  Sorrel  and  o 
rooks"  of  this  district. 
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(PLATES  VI,  AND  VII.) 

rE  importance  of  tlie  queation  of  conformity  in  Sm  oL 
of  the  oodLcat  stratifiod  rocka  iniluoos  ms  to  gin  «  dioH 
dwcciption  of  a  new  section  of  a  part  of  tho  Ounbiuu  roob  of 
Ijkaberis,  exhibiting  an  apparent  case  of  uucun&mnity  tawaxds  tltslr 
base. 

He  Bection  has  Only  l>oen  exposed  witbtn  the  last  few  monthi, 
t  i^od  at  tho  timo  the  district  waa  mapmd  by  PlyjAhot  Banmy,  ttik 
Pl^Omiilicatod  part  of  tho  Beriee  wae  hiddon  undor  a  RRufaly  wsatharad 
and  eUoiateii  nurface,  frain  which  few  of  tho  deliu  of  stnat&n 
ooulo  he  determinod.  The  railway  in  course  of  Ibrmatuin,  iJong 
tb«  aoathem  aide  of  Llyu  Padara,  has  exposed  for  neariy  a  qnartn 
of  a  mile  the  lowest  and  moat  intricate  part  of  the  Oambriaa  tooki, 
a  representation  of  which  is  given  in  Plate  VI.  A  oeW  tvnnel  in  tliA 
n^hboaring  Glj-n  quarrit^s  has  also  opened  up  Miodttt  notiaD  of 
the  bods  given  in  the  ei^raving  (see  Woodcut,  Kg,  1). 

Ha  upper  part  of  va»  Camluiaii  Borjes,  not  inoluded  in  theas 
sectitms,  consiata  of  three  or  four  altematioDi  of  bine  and  pnrple 
fliatee  intentratified  with  oonglomeiateB  and  beds  of  a  greenish  rook. 
From  the  Lingula  flags  downwards  they  q)pBBr  to  be  perfeotly 
c(Mifomiable ;  bat  the  conformity  of  the  lowest  workable  slates  in 
the  atyn  qnarriea,  with  the  underlying  beds,  appears  to  me  to  be 


Heee  lower  grits  and  conglomerates,  which  are  visible  on  both 
banks  of  Llyn  Fadara,  gradnat«  into  the  neat  mass  of  porphyiy 
CToaaing  its  western  end.  The  gradation  and  metamorphism 
of  the  beds  is  well  seen  beyond  iha  nortii-weBtem  end  of  the 
ontting;  but  whilst  the  change  of  the  oonglomeratea  to  orystallint 
porphyry,  from  east  to  west,  i^  evident,  the  overlying  workable 
■lates  of  the  Glyn  quarries  resting  dirsodr  apon  them  are  sntiTely 
nnaltered  at  the  point  of  junoticMt.  In  the  soath-east  end  of  tlie 
•eotioD  (Plate  \L)  two  masses  (a  a)  of  the  bine  slates  are  fknlted 
down  between  the  underlying  altered  grita  and  oonglomontea  h  and  c, 
and  thfi  same  thing  is  oboeirable  in  the  tunnel,  Fig.  1.  Irregular 
bowes  of  these  nnderlying  rooks,  termed  "Hards"  by  the  qoarry- 
mm,  rise  np  in  serend  places  among  the  pmple  slates,  but  whether 
Qiia  was  solely  due  to  faulting,  or  to  the  deposition  of  the  slate  on  a 
pm-extsting  iirwolar  surface  of  the  metamorphio  rock,  is  not  easily 
determinable' :  the  contortions  in  the  latter  do  not,  however,  appear 
to  be  repeated  in  the  overlying  slate,  and  the  irregular  line  of 
junetion  as  seen  in  parts  of  th^  tonnel  cannot,  I  think,  be  altogether 
accounted  for  by  the  faults  thaC  have  thrown  the  porphyry  and 
slatea  together. 
'   Between  160  and  170  feet  from  the  sonth-east  ei^  of  the  ontting, 
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the  beds  have  a  general  iacIiuEition  of  about  45° 
to  the   Bouth-east,    and    are  much  broken  and 
contorted ;    tlioy  are  of  a  dark  greenish  grey 
colonr,  faintly  banded  with  dull  buff,  the  strati- 
fication becoming  less  apparent    towards    the 
north-west ;  and  at  476  feet  &om  the  eootb-east 
end  of  the  cntting  the  daik  g^reen  rock  suddenly 
i        terminates,  resting  on  the  apturned  edges  of  an 
^        olderslate  («  Plato  VI.),  dipping  north-west,  and 
■         of  a  different  character  to  the  workable  slates 
I        of  the  Glyn  and  Dinorwic  quarries. 
I  The  line  of  junction,  given  in  Fig.  2,  is  dearly 

^  defined,  the  irrtgular  ontline  of  the  slate  (b) 
being  bleached  along  the  line  of  oontaot.  The 
^  remainder  of  the  cutting  exposes  a  bnAoi 
g  .  ayndin&l  of  this  "  bastard  slate  "  intcovtzatifled 
I  with  conglomerates  (c),  which  at  tlwiu»th-inat 
'»  end  graduate  into  the  porphyry'  {/),  THu 
I  synclinal  trough  of  slate  can  be  traoad  tm  Ae 
I  _  oppoaite  aide  of  the  lake  and  appean  iflflirfinal 
I  I  with  that  marked  2-2  in  Professor  Bamai^ 
p|  section  (Fig.  63,pag6  144,GeologyofN.Wate.) 
I"  3  The  slate  marked  2'  is,  however,  I  believo,  not 
I  ^  a  repetition  of  2*2,  but  corresponds  with  tlie 
,<j  g  higher  bed  of  workable  blue  slaf«s  in  the  Glyn 
e  "  quarries,  in  which  case  the  point  corresponduig 
I  2  with  the  onconformity  on  the  south  side  of  the 
V  3  lake  woald  be  somewhere  between  the  figures 
^12  and  2'  in  Professor  Bamsay's  section.  The 
X  I  details  of  structure  are,  however,  not  so  fully 
-^        exposed  here  as  on  the  south  side. 

The  dark  gieeu  rock  (a  Fig.  2,  and  d  Plate 
S  VI.)  resting  unconformably  on  the  "bastard" 
''  ^  slate  (b)  in  the  railway  cutting  closely  resembles, 
J  in  physical  character,  the  thin  green  bands  in- 
I  terstratifled  with  the  blue  slates  (Plate  VII., 
3  Figs-  1  and  2)  of  the  Glyn  quarries,  and  also 
K  the  green  beds  separating  the  blue  from  the 
S  overlying  purple  suites.  As  some  difference  of 
I  opinion  was  expressed  at  the  late  meeting  of 
,  the  British  Association  regarding  the  character 
J  of  these  green  layers,  it  may  be  well  to  notice 
B  one  or  two  points  in  connection  with  their  com- 
position and  mode  of  occurrence. 

With  reference  to  their  chemical  oonstito- 
tion,  the  following  analyses  made  for  me  at 
the  laboraioiy   of  the  Museum  of   Practical 

■  Tbi«  gradatian  oF  the  ■tralifled  beib  ioto  the  porpbjrtr 
ii  Ibllj  deNtibed  in  Profenor  BatDMj'i  woik  on  the  "  6«». 
logy  of  North  VtUt."—Q.M. 
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Geology   indicate  iLat  it   is   very    different    to    that   of  the  blue 

atates: — 

Akaltrib   or  ras   Dabk  Obeek  LAveaa  (the  dihicest  pobtion  bbpbisbnted 

O    FlJk'tB  VII.)  INTEBSTHATIFIBD    WITH    THE    B1.UI:    SLITBS,  GLVN    QcAKKIES, 
Ll-ANBBIUH, 

Silica  6a«       Potaib 0-OS 

TituieAcid  0'83       Sodo   ™ (I'M 

Ahnniiu _ 1338       Ciclwiiic  Add    1-80 

Pmaxide  of  Iroa 1-71       Combined  Water  ...» 390 

Peroxide  of  Inn   1-41       BjgnMcopic  Water   013 

Pcolowcquioiide  of  Maoganeae  0-91                                                           

Line  2-88  itSBl 

Utftvoa    e28 

With  trocee  of  Phosphoric  and  Snlpliuric  Acid. 


The  green  rock  {d  Plate  VI.,  a  Fig.  2)  resting  imconfomiably  on 
the  "  bastard  "  elate  e  contained  1  '89  per  cent,  of  magneBia  and  tracoB 
of  titanio  acid. 
AifALTaii   or  Blob  Slati  (thi   middle  tint  in  Piatb  TII.)  nmBSTBATTPiBD 

mTH    TUB  QrEEH  LlTBBB. 

Biliea  6068      Soda   2-09 

Alumina 2120      Titanic  Add  0-89 

PflTOzide  of  Iron   6-68      Carbon    0-OT 

Proloiide  of  Iron 0-48      Combined  Water 2-70 

Protoxide  of  MaDganeae  OIB      Hjgnacopic  Water  0*18 

Lime  1-71  

Hagnena   0-8S  10IH)4 

PotMh    8  6i 

With  tracea  of  SalphuHc  Add. 
Mr.  DaTJd  Forbes,  who  has  obligingly  made  sectionB  for  me  of  the 
green  beds  and  slates  and  examined  them  under  the  microscope,  in- 
forms me  that  "  the  slate  appeared  to  be  composed  of  a  pretty  uniform 
mixture  of  grains  of  quar^  sand  with  ferruginous  clay,  both  in  fine 
dirigion,  and  that  the  green  bed  was  made  up  of  quartz  fragments 
with  decomposed  felspar  and  particles  of  red  oxide  of  iron,  and 
occasionally  a  greenish  mineral  in  small  quantity,  probably  chlorite." 
It  is  evident  from  the  analysis,  that  the  slate  and  i  ' 
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layers  not  only  differ  as  to  the  state  of  meohanical  sabdiyision  of 
their  oonstitaents,  but,  notwithstanding  the  sadden  and  nomeronf 
alternations  which  often  occur  within  a  few  mches,  have  a  Teiy 
different  composition,  and  most  have  been  derived  &om  distinct 
flooroes  of  material.  The  most  striking  difference  is  in  the  pro- 
portion of  the  magnesia,  of  which  the  green  layers  contain  seven 
times  the  amount  of  that  in  the  slate,  and  the  slate  contains  more 
than  six  times  the  amount  of  alkalies  found  in  the  green  beds. 
Again,  lime,  magnesia,  and  protoxide  of  iron  are  much  more  largely 
present  in  the  green  beds  than  the  slate,  and  a  comparison  of  the 
two  analyses,  as  well  as  the  microscopic  structure,  conclusively  show 
that  the  green  bands  could  not  have  been  derived  by  chemical 
segregation  from  the  slate.^  Moreover,  the  thicker  bands  contain 
mechanical  fragments  of  a  pale  green  slate.  In  the  Glyn  quanies 
(Plate  VJJL)  they  invariably  range  with  the  stratification,  and  appear 
to  have  hem  subject  to  all  the  movements  and  alterations  the  slate 
has  undergone  since  its  deposition;  the  adjacent  slate,  generally 
on  the  under  side  only,  but  sometimes  on  belli  the  upper  and  under 
side  of  the  band,  has  been  changed  to  a  pale  green  (the  lightest 
portions  of  Plate  YIL),  and  the  isolated  spherical  blotohee  are  of  the 
same  character,  surrounding  a  small  nucleus  of  the  green  matter. 

As  I  have  referred  to  the  character  of  this  pale  discolouration  in 
another  paper  recentiy  communicated  to  the  Geological  Society,*  I 
would  here  only  observe  that  analyses  of  the  bleached  bands  fidl 
to  support  the  view  expressed  by  Mr.  Sorby'  that  "they  are  con- 
cretions of  a  peculiar  kind  formed  round  bodies  lying  in  the  plane 
of  bedding."  Their  general  composition  is  identical  with  that  of 
the  blue  slate  in  which  they  occur,  differing  only  in  the  reduced 
amount  of  peroxide,  with  no  increase  of  protoxide  of  iron  present 
Mr.  Sorby  has  pointed  out  that  these  discoloured  blotches  have  been 
much  elongated  and  distorted  in  harmony  with  the  lines  of  cleavage 
(Plate  VIL,  Fig.  2),  indicating  that  the  discolouration  was  antecedent 
to  the  cleavage.  The  banding  and  bleaching  has  also  been  inter- 
rupted (as  in  Plate  Vll.,  Fig.  1)  by  the  dislocations  of  the  slate. 

A  strong  proof  of  the  contemporaneous  interstratification  of  the 
dark  green  layers  is  that  their  upper  surface,  which  is  comparatively 
level,  graduates  into  the  overlying  slate,  as  though  in  the  deposition 
of  the  succeeding  layers  of  mud,  some  of  the  green  matter  had  been 
washed  up  and  intermixed  with  it.  The  junction  with  the  slate  on 
the  under  side  is,  however,  defined  with  remarkable  precision,  and 
instead  of  being  nearly  level  it  has  a  curiously  undulating  outline, 
pockets  of  the  green  rock  here  and  there  running  down  into  the 
slate  below.  It  seems  difficult  to  explain  why  the  green  beds  should 
thus  graduate  upwards  into  the  slate,  whilst  the  slate  beds  shew  no 
gradation  on  their  upper  surface  into  the  overlying  green  layer. 

Another  remarkable  feature  is  that  they  are  not  horizontally  con- 

^  The  yiew  sugg^ted  by  Professor  Phillips  at  the  late  meeting  of  the  Britiih 
AlBociation. 
*  **  On  the  Dispofition  of  Iron  in  Variegated  Strata." 
'  ''On  Origin  of  Slaty  aeatage,''  E^\k>to'  New  Phaoeophioal  Joumil,  Julj,  1841 
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linaoas ;  the  limits  of  manj  cannot  be  traced,  bat  they  also  oooiir  as 
isolated  patches  environed  on  all  eides  by  the  alnfe.  The  micki  of 
the  bleached  spheres  represent  their  emnlleBt  development,  between 
which  and  the  continuous  Iftyers  patches  of  every  intermediate  size 
oocnr. 

The  ultimate  composition  of  the  ^een  beds  would  be  consietent 
with  their  containing  a  large  proportion  of  hornblende.  Bischof 
refers  to  >>edH  of  similar  character  inters  tratified  with  day  slates  in 
the  Thuiingian  Forest,  and  discusse*  the  queBtion  whether  they  may 
not  be  a  mctamorphic  product  from  the  slates ;  but  in  the  cose  of  the 
Welsh  slates,  whatever  be  the  source  of  the  materials  composing  the 
green  layers,  whether  simply  detrital  accumulations  from  eruptive 
rocks,  or  otherwise,  their  sedimentary  interstratification  is  scarcely 
open  to  question. 

The  bleaching  of  the  bine  slate  adjacent  to  the  dykes  of  intrusive 
Greeastone  seems  to  be  of  a  different  character  to  that  adjacent  to 
the  interstratified  layers.  Instead  of  being  defined  by  a  distinct  out- 
line as  in  Plate  VII.,  the  pale  colour  graduates  into  the  normal 
oolonr  of  the  slate,  and  analyses  of  esamples  from  the  Penrhyn  and 
Uaoberia  quarries  indicated  that  the  change  of  colour  was  due  to 
the  reduction  of  most  of  the  iron  from  sesquioxide  to  protojide, 
probably  by  the  agency  of  a  moderate  degree  of  heat  on  the  in- 
tnision  of  the  Greenstone.  As  I  believe  there  is  no  published 
analysis  of  the  composition  of  these  Welsh  Greenstones,  it  may  not 
be  out  of  place  to  give  the  result  of  a  determination  made  for  me  by 
Dr.  Toelcker  for  comparison  with  the  composition  of  the  green 
layera  interbeddod  with  the  slate. 

Ahaltub  or  GaKutiioKi  Dni,  Pbkbetn  Qoakbim. 

W«t«r  of  Cdinbinslion   1*99         ■Ctrbonate  of  Lime... 


BinUphidc  oF  Iron 0-SS         *Carbi)Dal«  of  Ha^eda  .. 

•> ^Jeof  Iron 10-22        Foiaah 


1-97         Soda   0-70 

2S1         Silica  47*7 


inia 008  1O0-63S 

■  Th«  carbonala  of  lima  [and  mafneaia  ?)  occnn  for  the  greater  part  in  the  afaipe 
>f  «a|iar*t«  vyitala,  irhieli  are  viin)le  in  a  freah  fracture  to  tlie  naked  eje,  and 
dcTTcaoe  in  UolaUd  apoU  on  tlie  tppUealion  of  hydrochloric  add. 


IV. — ^A  Betisioh  or  tbi  Bkitiah  GsifTourxa,  ititb  Debobdtiomb 

or  TBK  New  Spkoibs,  axd  Notis  ok  thxib  ArnmriKB.* 

Sj  Wh.  CaBSonsna,  F.L.8.,  F.O.S.,  BotaiuMi  Department,  Britiih  HoMDin. 

(PLATE  V.  p.  64,) 

Class,  Htdbozoa.      Order,  OroploIidVLv. 

Gkii.  I.  Bastbitbs,  Barr.  ^Grapt.  deBoh.  p.  64).    Folypary  simple, 

nmsisting  of  a  Blender  capiUary  common  tube,  supporting  a  single 

Kries  of  isolated  hydrotheote,  which  are  &ee  throughout  their  whole 
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Sp.  1.  R.  per^rinus^  Barr.  (Grapt  de  Boh.  p.  67,  pL  4,  fie.  6),  Loc.  Moffitt 

2.  R,  Linnai,  Barr.  (loc  cit.  p.  65,  pi.  4,  fig.  2-4).  Common  tube,  Tery 
slender,  supporting  largish  hydrothecae,  broad  at  the  base  and  narrowing  gnuiuaUy 
upwards.  From  lo  to  15  in  an  inch,  uniform  in  the  same  specimen.  Plate  V. 
T\g.  15.    Loc.  Moffat 

3.  R.  maximus^  sp.  nov.  (PL  V.  Fi^.  14).  Commcm  tube  slender,  supporting 
very  large  hydrothecse  at  wide  intervius.  Hydrothecse  nearly  half  an  inch  long, 
somewhat  enlarged  towards  the  apex,  and  furnished  at  the  base  with  a  triangular 
corneous  membrane  extending  a  snort  distance  up  the  margin  of  the  cells.  About  6 
cells  in  an  inch.     Loc.  Moffat. 

4.  R,  capillaris^  sp.  nov.  (PI.  V.  Fig.  16).  Common  tube  very  slender,  with 
short  isolated  triangular  hydrothecae,  <heir  base  of  Attachment  to  the  common 
canal  as  long  or  longer  than  their  depth.  About  16  ceUs  to  an  inch.  Loc  Mofiat 
Richter  figures  this  specimen  in  Zeitschr.  Deutsch.  GeoL  Gesellsch.  V.  1853,  Tab. 
xii.  fig.  34  a.,  referring  it  to  R,  gemmatus^  Barr.,  which  is  very  different,  and  of 
which  his  fig.  34  b.  is  a  good  representation. 

R.  triangulatuSf  Harkn.  (Geol.  Joum.  vol.  vii.  p.  58),  was  founded  on  portions 
of  the  proximal  end  of  G,  convoluttis^  His.,  as  has  been  stated  by  several  observers. 
It  is  remarkable,  however,  that  this  species  of  Graptdithus  really  terminates  proxi- 
mally  in  a  polypary  that  cannot  be  distinguished  fi-om  Rastrites.  This  was  pointed 
out  to  me  by  Prof.  Wyville  Thompson  in  a  specimen  figured  on  PI.  V.  Fig.  i,  which 
Prof.  McDonald  found  one  day  he  joined  me  in  the  search  for  the  fossils  at  Bdl 
Craig,  near  Moffat,  llie  specimen  is  now  in  Jermyn  Street  Museum.  I  have  in 
my  own  collection  a  smaller  specimen,  which  exhibits  also  both  structures  on  the 
same  organism.  How  far  this  may  affect  the  stability  of  the  genus  RastrUes  I  cannot 
at  present  say.  All  the  species  are  founded  on  comparatively  small  finagments,  and 
it  is  possible  that  they  may  all  be  the  proximal  terminations  of  different  species  of 
Graptolithtu, 

R.  Barrandif  Harkn.  (Geol.  Joum.  xL,  475),  was  founded  upon  specimens  of 
Cladograpsus  gracilis^  Can*.,  according  to  Prof  Harkness  himself  (Geol.  Mac.  IV. 
p.  258). 

Besides  the  forms  enumerated,  I  have  obtained  several  fragments  agreeing  with 
the  figures  of  Richter*s  Graptolithtis  urceolus  (Zeitschr.  Deutsch.  Ge<3.  GeselL  V. 
'^53»  P*  462,  Tab.  xii.,  fig.  29,  30),  and  with  the  specimens  drawn  on  Tab.  v.  fig. 
3  and  4  of  Greinitz*s  **  Graptolithen,"  which  he  refers  to  the  lower  portion  of  the 
stem  of  R.  iriangulatus^  Harkn.,  but  which  are  certainly  the  same  as  the  forms 
figured  by  Richter.  These  fragments  differ  from  R.  peregrinus^  Barr.,  in  having  a 
small  portion  of  the  free  end  of  the  hydrotheca  bent  at  a  right  angle,  the  mouth 
being  turned  round  so  as  to  open  in  the  direction  of  the  proximal  end  of  the  poly- 
pary. This  character  is  so  marked  that  I  would  not  hesitate  to  include  it  in  Ras- 
triteSf  as  a  true  species  of  that  genus  as  it  is  at  present  understood,  were  it  not 
that  I  have  hitherto  met  with  it  only  in  very  short  fragments ;  and  these  will  be 
found,  I  believe,  when  more  perfect  specimens  are  obtained,  to  be  the  proximal 
terminations  of  a  Graptolithus^  agreeing  in  this  respect  with  what  I  have  described 
in  G>  convoltUus^  His. 

Gkn.  II.  Gbaptolithtjs,  Linn.  (Syst  Nat.,  Ed.  L).  Polypary 
simple,  with  a  single  series  of  hydrothecsd  in  contact  throughout 
more  or  less  of  their  length. 

Sp.  I.  NUssoniy  Barr.  (Grapt.  de  Boh.  p.  51,  pi.  a,  figs.  16, 17).     Loc.  Moffiit 

2.  G,  intetmediusy  sp.  nov.  (PI.  V.  Fig.  18).  Polypary  slender ;  proximal  end 
composed  of  a  slender  canal  with  distant,  isolated,  and  very  small  hydrothecae ; 
adult  hydrothecse,  short,  triangular,  the  upper  margin  of  the  cell  forming  an  acute 
angle  with  the  common  canal.  About  30  cells  to  an  inch.  This  speaes  differs 
from  C7.  Nilssoni^  G,  tentds^  and  G,  ffisingeri  in  the  form  of  the  cells,  and  firom 
the  last  also  in  the  slender  common  canal.  Perhaps  Portlock*s  figure  6a.  pL  19  of  his 
Report  belong  to  this  species.     Loc.  Moffsit 

3.  G.  tenmsf  Porth  (Report  of  Geol.  of  Londonderry,  p.  319,  pi.  19,  fig.  7]. 
Loc.  Moffat. 

4.  G,  Salteri^  Gein.  (Die  Grapt.  p.  36),  G,  tenuis^  Salter  (Quart  Joum.  voL  vii . 
P>  1 73*  pl-  10,  fig.  i).     Loc.  Girvan. 

S-  Cr,  J/mftgerit  Cair.,  G.  Sagittarius^  His.  et  aucL,  non  Linn.     I  have,  in  a 
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previoui  page,  given  the  reasons  for  cluuiguigthis  name.  Although  so  well  marked 
Impedes,  it  has  perhaps  been  more  frequently  figured  and  descnbcd  as  nev  than 
uay  other  giapttuite.  To  it  I  refer  the  folloning ;  G.  scalaiit,  Ge'ui.  (Leon,  and 
Br,  jahtb.,  1641),  C.  intinu,  Salter  (Quart.  Joura.).  G.  t^nia.  Sow.  »nd  Sail, 
(GeoI.Joam.ToL  v.),  CffamiB/inSchareD.  {GrapL  p.  15),  C.  wiyu/o/uj,  Scharen. 
(GrapL  p.  14),  C.  latus,  Roem.  (L.  and  Br.  Jahrb.,  1855),  G.  polyodenta  Roem. 
tiiUO<  G.  BHiqvt-lnincatu!,  Roem.  [iiid),  G.  Jungiti,  Roem.  [ibid),  G.  itrratui, 
Gan.  (L.  and  Br.  Jahrb,  1S42),  G.  lUB/iui,  RidiL  (Zeiischr.  Deutsch.  Geol.  Ges,, 
1853),  G.  laiHs  Nit  (Quart  Joura,  vi.).  G.  ratvs,  Emm.  (American  Geol.  i.) 
il  the  same  tpccies,  but  it  is  erroneously  drawn  with  the  cells  directed  towards  the 
proximal  cndl  C.  Conybrari,  Portl.  (Report,  p.  },iti),~\  cannot  distinguish  the 
aalhentic  specimens  in  the  Geological 'Museum,  Jermyn  Street,  kosi  G.  Ifiiingtri. 
Loc  Moffiil,  etc 

6.  G.  Flewungii,  Salter  (QoarC  Joum.  viii.  p.  390,  pi.  31,  figs.  5-7).  Loc 
■Wigion. 

;.  G.  cmrveluliu.  His.  (Lcth.  Suec.  p.  114,  pi.  35,  fig.  7).  The  following 
nnoDrms  belong  to  this  species  G.  i^raiu.  Grin.  (L.  and  Br.  Jahrb.  1343).  G. 
SaiFwidHi,  M'Coy,  not  PottL  (Pal.  Foss.  p.  6,  pi.  1 B,  fig.  a).  C.  tagillariui, 
Giebel  (Die  Silur.  Faana,  pL  6,  fig.  Ii)-  G.  faliiialus,  Richt.  (Zeitsch.  Dent. 
GeoL  Ges.  1853).  C.  etegani,  Emmons  (Am.  GeoL  i,  p.  106).  RaslriUs  triangu- 
iaUa,  Harkn.  (Quart.  Joura.  voL  viL).  I  have  figured  on  PI,  V.  Fig.  I  the  most 
perfia:!  specimen  of  this  spedes  1  haveyet  seen.  The  importance  of  the  specimen 
was  pointed  out  to  me  by  Pio£  W,  Thompson.  The  older  portion  of  the  polf- 
paiy  has  the  structure  of  RaitriCa.  The  cells  are  linear  and  isolated.  Each  cell 
K  fnrnished  with  two  spinous  processes  from  the  sides  of  the  mouth.  Indications 
of  these  are  to  be  seen  in  the  specimen  figured,  bat  I  have  numerous  other  speci- 
mens in  which  they  are  more  obvious,  appearing  as  in  Figs.  \b,  and  ic.  The  first 
cells  are  long  and  slender,  they  graduuly  become  shorter  and  thicker,  and  then 
thqr  Buume  the  triangular  form  characteristic  of  the  full-grown  polypary,  with  the 
bMes  extended  so  far  along  the  common  canaJ  as  to  meet.     Loc  MulTut.  eti^ 

8.  C.  Stdgjoukii,  PortL  (Report,  p.  31S,  pL  19,  figs.  1-3,  6).  M'Coy  having 
mistaketi  this  species,  has  caused  it  to  be  confounded  with  G.  {attvelHltu.  Hark- 
ness  gives  a  very  good  representation  of  the  species  from  Dumbiesshire  specimens 
(QuarL  Joum.  v5,  vii.  p.  58).  In  the  original  description  Portlock  dearly  dis- 
tinguishes il  from  C.  eonvelutui.  He  says  :  "  The  serratures  are  strong  projecting 
books  having  a  wide  base.  ^' 

9.  C  finodon.  Bronn.  (Leth.  Geogn.  p.  56,  pi.  I,  fig.  13).  G.  /tuienni, 
Murch.  [Bil.  Syst-  p.  694).     Loc  Ludlow,  etc. 

10.  6.   Haili,  Barr.  (Crapt.  p.  48,  pi.  2,   fig.  13,  13,  excL  fig.  I4,  15).       Loc. 

11.  G.  Bald,  Barr.  (Grapt.  p.  50,  pi.  3,  figs.  14-18).  G.  lohifirta,  M'Coy  (Pal. 
Foss.  p.  4,  pL  IB.  fig.  3}.  G.  Niceli,  Harkn,  (Quart,  Journ,  vol  vU.,  p.  61.).  G. 
milleprda,  M'Coy  (PaL  Foss.  p.  5,  pL  IB.  fig.  6).  Diplograpsas  nffdena,  Haikn. 
(Quart.  Joum.  voL  vii.,  p,  63).   Loc.  MofiaL 

12.  G.  Clingani,  sp  nov,  (PL  V.,  Figs,  19a,,  19*).  Polypary,  small  and 
arcuate,  with  a  broad  common  canal,  and  lender  somewhat  recurved  hydrotheoe. 
This  beautiful  littie  graptolite  I  long  supposed  to  be  only  the  proximal  portion  of 
some  other  species,  but  the  large  number  I  have  met  with,  all  equally  perfect, 
none  larcer  than  fig.  I91I,  and  many  showing  the  prolongation  of  the  uis  beyond 
the  distai  end,  together  with  the  great  breadth  of  the  common  canal  (forming  two- 
thirds  of  the  breadth  of  the  whole  polypary),  unlike  the  early  portion  or  prodmal 
firagment  of  any  graptolite  with  which  I  am  acquainted,  have  induced  me  to  con- 
sider it  a  good  species.  I  have  associated  with  it  the  name  of  my  earliest  friend, 
the  late  J-  Morison  Clingan,  M.A.,  my  school-mate  and  fellow -student,  my 
companion  in  rambles  over  the  green  hills  and  among  the  picturesque  valle)|s  of 
our  native  district,  in  exploring  its  geology  or  enjoying  its  beauty,  and  my  friend 
and  counsellor  until  death  early  cut  him  off,  but  not  until  he  had  shown  promise 
of  great  excellence  in  the  literary  pursuits  to  which  he  had  devoted  himself  and 
had  endeared  himself  by  his  virtues  to  a  large  drcie  of  friends. 

13.  G.  Grialonemis,  Nic  (Quart.  Joum.  vol.  vi.  p.  53).      Loc.  Peebleshiie. 
Ge».  m.    Cybtogbapsub,  Carr.  (Murch.  SiL,  Ed.  IV.,  ?.  5«V 
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Polypary  growing  in  one  direction  from  the  proximal  end,  and 
giving  off  simple  or  oompomid  branches  at  irregular  intervals. 

Sp.  I.  C.  Murchisotm^  sp.  dot.  (Table  V.  Fig.  17a,  17^).  Hydrothecae  trimngular 

Siculate,  fiimbhed  with  a  spine.  The  upper  maxgin  ii  the  cell  at  right  an^es  to 
e  axis,  about  twenty-eight  cells  to  the  inch.  The  poljrpary  is  considerably 
incurved  at  its  proximal  end,  and  as  it  grows  it  gradually  opens  into  a  larger  curve. 
The  branches  spring  from  celluliferous  surface  oT  the  poljrpary,  but  as  there  b  no 
break  in  the  continuity  of  the  hydrothecse,  they  must  rise  from  the  periderm 
covering  the  common  canaL  The  branches  also  curve  in  the  same  diiection  as 
the  mam  portion  of  the  polypary.  Loc.  Pencerrig,  Builth.  I  have  associated 
the  name  of  the  author  of  ^^SUuria"  with  this  remarkable  species.  The  only  British 
specimens  I  have  seen  are  in  the  Geological  Museum,  Jermjm  Street,  but  among 
tne  specimens  obtained  by  the  Briti^sh  Museum  from  M.  Barrande  there  is  a 
specimen  from  Listice,  labelled  G.  priodon.^  which  belongs  to  this  species. 

2.  C  hamatus  {G. hanuUiu^  Bail  I.  Quart  Joum.  GeoL  Soc.  DubL,  1 861,  pi-  4, 
fig.  6).  This  remarkable  form,  of  which  I  believe  only  a  single  specimen  has  been 
found,  now  in  the  Museum,  Jermyn  Street,  where  I  have  exammed  it,  probably 
belongs  to  this  genus. 

Qbn.  IV.  D1DYM00BAP8U8,  M'Coy  (Brit  Pal.  Fossils,  p.  9).  Poly- 
pary growing  bilaterally  from  the  initial  point»  consisting  of  two 
simple  or  bifurcate  branches  and  without  a  central  disc.  Tbe  initial 
portion  of  the  proximal  end  forming  a  non-celluliferous  process  always 
proceeding  from  the  common  canal  or  axis ;  the  opposite  or  cellaH- 
ferous  side  of  the  polypary  fr^uently  ornamented  with  one  or  more 
teeth  or  spines.  The  branches  of  the  polypary  sometimes  extend  at 
right  angles  to  the  initial  process  (D.  AtmiMio),  sometimes  they  are 
bent  backwards  upon  it  (D.  Jtfqfa(enM«),  and  less  frequently  they 
are  turned  inwards  from  it  (D.  JtfiircM«amt). 

The  forms  with  bifurcating  branches  for  which  Salter  proposed  the  genus  Tdrmr- 
grapsus  do  not  differ  in  any  essential  character  from  the  tp^  of  Diaym^grapsua^ 
The  precise  number  of  branches  is  not  taken  into  account  in  his  genus  Dkkograpmi^ 
in  which  there  are  species  with  eight,  eighteen,  eta ,  branches ;  and  if  of  no  value 
there,  it  can  scarcely  be  employed  here.  It  is  not  easy  indeed  to  discover  any 
character  whereby  .to  separate  Dkhograpsus  from  this  genus,  except  it  be  the  cor- 
neous disc  that  envdopes  the  non-cdlumerous  proxim  J  portions  of  the  polypary, 
which  has  never  been  found  associated  with  specimens  of  Dtdytm^rapsus^  and 
only  with  certain  forms  of  Tetragrapsus  and  Dkhograpsus,  But  this  (use  is  not 
always  present  even  in  those  graptohtes  in  which  it  is  known  to  occur ;  it  may  have 
been  more  perishable  than  the  polypary  itself;  pezhaps,  however,  the  species  which 
originally  possessed  it  may  be  distmguished  by  othor  characters,  as  by  the  posses- 
sion of  an  obvious  branching  hydrocaulus.  There  are^  unfortunately,  no  materials 
in  this  country  to  enable  one  to  determine  this  ;  but  if  this  character  should  prove 
a  good  one,  it  would  enable  us  to  class  the  various  forms  into  two  well  oiaxked 
eenera ;  some  species  of  Tetragrapsus,  such  as  G.  (T,)  Headiva^  G*  crucifer, 
belonging  to  Dkhograpsus,  while  G,  (T )  bryonokUs,  etc.,  would  be  placed  in 
Dkfymograpsus, 

Sp.  I.  D,  hirutula.  Salt  (Quart  Touxn.  xix.  p.  T37,  6g,  13/),  />.  c^nstrUtux, 
Hall  (Grapt.  Quebec  Gr.  p.  76).  Fol^rpary  of  two  branches,  diverging  at  right 
angles  from  the  initial  points,  and  havii^g  its  full  size  from  the  beginmng.  From 
22  to  26  cells  in  an  inch.     Loc  Skiddaw  Slates. 

2.  D.  Murchisonii,  M'Coy,  Graptditkus  Murchisonii,  Beck  (SiL  Syst  p.  694, 
pL  26,  6g.  4).  Prumotus  genUnus,  His.  (Leth.  Suec.  SuppL  2,  p.  5,  pLsS^  fig.  3). 
Loc  Llandnndod,  etc 

3.  D,  V'/racius^  Salt  (Quart  Jpum.  xix.  p.  137,  fig.  13^).  Polypary  of  two 
branches  bent  inwards,  forming  .an  acute  angle  but  speedily  opening,  and  widc^ 
diverging  from  each  other.  From  20  to  24  cells  in  an  inch.  Loc  Skiddaw 
SUtes. 

The  amount  and  direction  of  divergence  of  the  branches  are  so  variable  in 
Mtfme  weU^mariiced  species  of  ^  genus,  as  mi^t  be  expected  hi  poljptries  com- 


ouiet  aucx  . 
Dr.  Nich 
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X<AtA  of  a  (leiibtc  subslani^  that  I  dtmbt  if  ipedfic  ch«rac[ers  of  value  ran  be 
deduced  &om  tbem. 

^.  D.  stxtuHi,  M'Coy  (Pal.  Foss.  p.  9).  G.  sextans.  Hall  (Pal.  of  N.  York, 
ToL  L,  p.  173,  pi.  Ixxiv.,  fig.  .1),     Loc.  MoGal. 

5.  D.  FBrchhaminer^.  Baily  (Grapl,  of  Mcalh,  elc,  p.  6,  fig.  7).  Clajogra/inu 
FBrchhammrri,  Gdn.  (Die  GrapL,  p.  31,  pi,  r.  figs.  18-31).  Branches  of  poiy- 
pET?  slender,  diiaricating  in  straight  lioes,  and  at  a  wide  angle,  bent  backwardt 
toaiiids  the  initial  point.  Hydrothecx  not  very  marked,  in  contact  throoghoot 
almost  Ihcir  whole  length  ;  abonl  28  in  an  inch.  Initial  process  pennanenl : 
the  two  &rs(  ccUj  developed  at  a  right  angle  to  it,  their  mouths  furnished  each  with 
■  veT7  fine  short  spine  ;  a  third  similar  spine  proceeds  from  between  the  bikses  of 
the  two  primary  cells  opposite  to  the  mitiiiJ  process.  Loc  MoHit,  and  Kilnacreagh, 
Co.  CJare. 

6.  D.  titans,  sp.  nov.  (PI.  V.,  Fig.  i,a  bi).  Branches  of  the  polypary  divarica- 
ting at  various  angles,  and  with  a  slight  curve  irichin  a  short  distance  of  the 
ptoaimal  origin  of  the  poiypary.  The  hydrolhec^c  are  rounded  at  the  apex,  and 
free  ihroughonl  a  considerable  portion  of  their  length,  and  the  intervening  spaces 
arc  rounded  at  the  base  ;  about  11  cells  in  an  inch.  The  initial  process  is  obvious 
in  roung  specimens,  but  I  have  not  been  able  to  detect  it  in  old  individuals  ;  the 
"      ■    pex  of  the  angle  ornamented  with  3  short  strong  spine*.     Loc.  Moffat. 

Nicholson  has  enabled  me  to  refer  his  D./tmcidus  [GsoL.  Mac,  Vol.  IV., 
p.  no,  PI.  VII.,  Figs.  t~3)  to  this  species.  His  lig.  I  has  a  general  resemblance  to 
Hall's  G.  fiaciidus,  but  the  form  and  number  of  the  cells  and  the  breadth  of  the 
polypary  are  very  different.  In  Hall's  species  there  are  "from  iS  to  ,10  and  neat 
the  base  sometimes  31  "  cells  in  the  space  of  an  inch.  In  Dr.  Nicholson's  drawing, 
"nat.  size,"  there  are  14  !  The  figs,  2  and  3  made  me  fancy  that  he  might  mean 
the  spedes  I  have  just  described,  but  it  would  have  been  impossible,  except  on  hit 
own  aulhority.  lo  iiave  settled  the  matter.      Loc.  Moffat. 

7  f  1,' ■.•.■'■■;■;  ,  Tivrr.  (Trans.  R.  Phys.  Soc^  Eciin.,  1858,  p.  469,  fig.  3). 
';.   -  !l   "  ■[■-.1.  N.   York,  vol.  iii.  pt.  1,  p.   51+,   18^9).     D.  ancfpi, 

N:,..  ■  .<  :.  .  ■■.:■■.,-..,  Vol.  IV.,  p.  110,  PI.  VII..  Kigs.  iS-ao).  Thelast 
paragraph  in  Dr.  Nicholson's  description  of  this  apeda  shoivs  that  he  had  orer- 
looked  D.  Mojfaimiis  when  he  wrote  it,  and  fait  comparison  of  his  fossil  with 
HalTi  figure  pats  it  beyond  ■  doubt  that  1  have  rightly  placed  D.  aiuept  here  m 
imionym.     Lot  Moffat 

8.  D.  caJuctus.  Salt.  (Quart  Jonm.  vol.  xix.,  p.  I37,  fig.  13).  G.  BigOyi,  Hall 
{Gr^>t  Quebec  Gr.  p.  t6).  Hall  faai  to  my  mind  clearly  shown  this  to  have  four 
branches.     Loc.  Skiddaw  Slates. 

g.  D.  bryoHinda.—Tetragrapius  bryonffiia.  Salt  (Quart.  Jotm.,  vol  rix., 
p.  137,  fig.  8a}.      G.  bryonoidti.  Hall  (Grapt  Quebec  Gr.  p.  S4).     Loc  Skiddaw 

10.  D.  ftiadritrackialut—C.  juadribrathiaiHi,  Hall  (Geol.  Sor*.  of  Canada, 
Red.  i8S7,  p.  115).  j  itragrafsui  tmdalii.  Salt  (Qaart.  Joutil,  voL  xiz.,  p.  137, 
ig.  W).     Loc.  Skiddaw  States. 

Gmt.  T. — DiCTBooaAPaua,  Salt.  (The  Geologist,  it.,  p.  74),  Poly- 
pary oomponnd,  growing  biUterally,  and  biantihing  more  or  leas 
frequently  iu  a  dichotomona  manner,  the  hydrocauliu,  or  non-celliili< 
feroos  baeea  of  the  branchee  inTested  with  a  comeoiiB  disc 

Sp.  1.  D.  ectairiiekialus,—G.  xtehraehiatui.  Hall  (Canada  Rep.  \%yj,  p.  ill  i 
Grapt  Qneb.  Gr.  p.  96,  pL  7.  8).  D.  arania.  Salt  (Quart  Joum.  ux.,  p.  137, 
%.  9).     Loc  Skiddaw  Slates. 

t.  D.  Srdgwickii,  Salt.  (Quart  Joum.  nix.  p.  137,  fig,  11).  Loc.  Skiddaw  Slalet. 
Gkk.  VI.  -CLADoaBAPBna,  Gaxi.  {Trana.  E.  Phya.  Soc.  Edin.,  1868, 
p.  ^67).  Polypary  compound,  growing  bilaterally  from  the  primaty 
point  irregularly,  and  repeatedly  branching  and  rebranching,  and 
without  a  centr^  disc.  Pleurojrropfiu,  Nicholson  (Gkol.  &lAa.,  VoL 
IV.,  p.  266). 
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so  slightly  elevated  as  not  to  be  clearly  seen  without  the  aid  of  a  lens ;  there  are 
about  i8  to  the  inch.  Dr.  Nicholson's  figure,  *'nat  size,**  represents  a  strong 
polypary  with  well-marked  cells,  and  firom  6  to  9  in  an  inch  !  I  have  no  doubt 
that  it  was  drawn  as  Dr.  Nicholson  says  for  this  species,  but  it  is  greatly  to  be  le- 
eretted  that  such  drawings  are  published  ;  they  can  serve  only  to  increase  the  dif* 
ftculties  that  under  the  most  favourable  circumstances  beset  every  scientific  investi- 
gation.    Loc.  Mofiat 

2.  C,  capillaris,  sp.  nov.  (PL  V.,  Fig.  T  <h  b)  Extremely  slender  polypaiy, 
with  remote  branches,  and  very  minute  hydrothecae  ;  about  24  in  an  inch.  It  is 
not  so  abundant  as  C.  linearis^  and  is  very  easily  distinguished  by  its  capillary  ap- 
pearance. It  is  probably  the  same  species  as  that  figured  and  describol  by 
Emmons  in  his  American  Geology,  vol.  L,  p.  109,  pL  i,  fig.  7,  under  the  name  of 
Nemagrapsus  capillaris.     Loc.  Moffat 

3.  C.  gracilis^— G,  gracilis^  Hall  (PaL  N.  York,  i.  p.  274,  pi.  badv,  fig.  9); 
Rastrites  Banandei^  Harkn.    Loc.  Moffiit,  and  Bdlewston  Hill,  Meath. 

Gbn.  Vll. — Dbndbogbaptus,  Hall  (Grapt  Quebec  Gr.  p.  126). 
Polypaiy  compound,  with  a  thick  common  hydrocaulufi  giving  off 
branches  irregularly,  which  repeatedly  subdivide  in  a  dichotomous 

manner. 

Sp.  I.  D./urcaiuluSy  Salt.  (Mem.  Geol.  Surv.  iii,  pL  IL  a,  fig.  5). 

2.  D,  lentus^  Carr.  (Murch.  Sil.,  Ed.  iv.,  p.  541,  fig.  5).  Branches  of  the  pdv- 
^ij  repeatedly  didiotomising ;  hydrothecse  acute-angular,  about  18  in  the  mcL 
This  is  a  much  more  robust  species  than  that  described  by  Salter.  I  have  seen  no 
more  of  it  than  the  wdl-marked  specimen  figured  (PL  V.,  Fig.  5).  Loc.  Fer- 
managh. 

Gkn.  VilL.  DiPLOORAPSUs,  M'Coy  (PaL  Foss.,  p.  7).    Polypaiy 

with  a  double  series  of  cells  on  either  side  of  a  slender  axis.     Hydro- 

thecsd  distinct  from  the  periderm  of  the  common  canaL 

Sp.  I.  D.  prisHsy  His.  (Leth.  Suec.  p.  114,  pi.  xxxv.  fig.  5),  D./oliaceus^  Murch. 
(Sil.  Syst.)  Fucoides  deniatuSy  Brongn.  (Hist.  V eg.  Foss.  I.  p.  70).  D,physopkora 
Nich.  (Ann.  Mag.  Nat.  Hist.,  January,  1868,  p.  56).  D.  vesiculosus^  Nich.  (ibid 
p.  ^7).  This  is  the  best  known  and  most  abundant  species  of  Diplograpnu, 
Although  it  has  been  frequently  figured  I  have  had  four  specimens  diawn  on  PL 
v.,  with  the  view  of  illustrating  the  different  forms  of  the  appendages  at  the 
proximal  end.  The  species  generally  appears  as  if  it  termmated  in  an  acute  point, 
lormed  by  the  approximation  of  the  two  primal  cells ;  occasionally  a  spine  con- 
tinuing the  line  of  the  axis,  and  two  lateral  ones,  are  found  (13  ^,  r,  ^,  and  in  one 
specimen  (13  o)  I  have  observed  two  long  slender  processes  rising  together  fit>m 
the  proximal  points  of  the  polypary,  and  produced  apparently  by  the  abnormal 
division  of  the  medial  spine.  The  axis  is  generally  prolonged  at  the  distal  end, 
and  is  sometimes  twistea  and  enlarged  as  described  by  Barrande  (Grapt.  de  Boh.  p. 
4),  and  figured  in  different  species  of  Diplograpsus  by  Barrande,  Greinitz,  Baily, 
etc.  Dr.  Nichobon  has  founded  his  D.  vesiculosus  on  a  specimen  with  the  axis  in  this 
condition,  and  D,  physophora  is  evidently  another  specimen  of  the  same  spedes 
in  accidental  contact  with  a  *'grapto-gonophore,"  or  some  other  body.  Loc. 
Moffat,  etc. 

2.  D.  minutusy  sp.  nov.  (PL  V.,  Fig.  12,  <j,  b).  This  agrees  with  D.  prisHs  in 
general  appearance,  and  in  the  form  and  arrangement  of  the  cells,  except  that  the 
whole  polypary  and  all  its  parts  are  so  very  smalL  Had  I  met  with  only  a  few 
specimens,  I  would  have  considered  it  as  merely  an  accidental  variety,  but  I  have 
seen  so  many,  all  agreeing  in  size,  that  I  cannot  doubt  that  it  is  a  good  species, 
especially  as  young  specimens  of  D.  pristis  early  attain  their  full  breadth,  and  the 
increase  of  the  polypary  is  by  additions  to  its  distal  end,  and  not  to  the  size  of  the 
already  formed  hydrothecae,  just  as  in  the  living  Strtulariada,  About  38  cells  to 
one  inch.    Loc.  Moffat. 

3.  D.  angustifoliuSf  Hall  (Pal.  N.  York  III.,  p.  515,  figs.  I  and  2).  D.  acttmi' 
natus,  Nich.  (GeoL.  Mag.,  IV.,  p.  109,  PI.  VIL,  Figs.  16  and  17).    Loc.  MoflBiL 

4.  Z>.  persculptus  (Cat  Foss.  Mus.  Pract.  Geol.  p.  25).  Beautiful  specimens  of 
this  species,  which  I  recently  saw  in  the  Woodwardian  Museum,  Cambridge, 
convinced  me  of  its  distinctness.    It  is  nearly  allied  to  D,  pristis  and  />.  ftimm. 
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5.  Z>.  WAitJUIJi,  Hall  (PaL  N.  Yort,  iiL  p.  Si6,  fig.  i.).  D.  qmdri-miuro- 
matHi,  Nict.  (Gkou  Mau.  IV.  PI.  VII.  Fig.  6).  This  species  I  had  longconsiJered 
Id  be  Amucronale  fotm  of  D.  friiHs,  wilb  which  species  \l  for  the  most  part  af^eci, 
ac:cpt  in  the  possesraoa  of  the  spines  pioceeding  from  the  cell  mouths.  In  Ihc 
diawincs,  PI.  V.  Fig.  ji  and  3f,  the  spines  are  represented  by  somewhat  too 
Hrong  liDes  ;  their  direction,  which  seems  in  life  to  have  been  at  right  angles  to  the 
diiectioa  of  the  polypaiy,  depends  m  the  (iusil  upon  the  way  in  which  they  have 
hem  pressed  before  or  during  fossiliialioei.  The  direction  a  different  on  the  two 
ndesofFig.  jr. 

6.  Z>.m«fra™aft«.  Halt  (PaL  N.  YoA  i.  p.  268,  pi.  Ji,  fig.  i.),  PI.  V.Fig.  ». 
Loc  Moflat. 

It  is  Qot  easy  to  determine  hoir  for  the  processes  from  the  mouths  of  the 
bjdrothecae  are  to  be  depended  upon  for  specific  eharaclen.  Mr.  Baily,  from 
Irish  specimens,  has  figured  under  the  name  of  D.  •nueronatiii  (GnipL  of  Menth, 
we,  fig,  4  a,  6,  c),  a  remarkable  form,  with  tlie  general  aspect  of  D.  priilii  and  D 
Wiitjuldi,  but  with  sereral  branchingand  apparently  anastomosing  processes  from. 
the  cell  mouth.  I  have  met  with  the  some  form  at  Moffat,  and  figured  them  in  the 
iDlelleclnal  Observer,  May,  1B67,  pi.  I,  its.  6  ;  and  Hall,  also,  in  Eis  Graptolites  of 
Ihc  Quebec  group,  pL  B.  ng.  to,  gives  a  tuawing  of  a  somewhat  similar  structure. 
He  considers  the  processes  to  be  the  marginal  fibres  of  the  reproductive  sacs,  the 
ws  them^lves  having  been  removed  (by  maceration).  The  discovery  of  additional 
qicdmens  may  show  that  it  is  really  a  new  species  ;  and  should  it  turn  out  to  be 
n,  I  would  suggest  that  it  be  called  D.  Bailyi,  after  the  pala^ntologtst  who  is 
doing  so  much  towards  the  illustration  of  the  palEcoioic  fauna  of  Ireland.  Tbe 
pdypaiy  has  been  veiy  flexible,  as  bent  and  twisted  specimens  have  occurred  both 
to  .Mr.  Bsily  and  myself. 

■         —       .  R.  Phys.  Soc  Edin,  1858,  p.  468,  fig.  z).      " 
.  II  ■;:  if.:,  .n.  \ork  \\\        -    -    -       -    •     "■■       '  ■       -    ■  ..  ■ 
1  had  n. 

have  been  shown  on  the  upper  surface.  In  more  perfectly  preserved  spedinens 
oace  obtained  these  have  been  beautifiilly  shown  (PL  V.  Fig.  iia).  I  have  given 
a  drawing  (Fif.  i  it)  of  the  early  state  of  this  graptolile.  1  <frew  attention  to  this 
orly  form  and  figured  it  in  the  Physical  Society's  Transactions  for  185S,  and  in  the 
Annals  and  Magazine  of  Natural  History  for  January,  1859.  In  the  third  volume 
efthe  Palxontolc^  of  New  York,  published  in  1859,  with  the  dedication  dated 
September,  1859,  Prof.  Hall  figured  the  early  slate  of  the  same  species,  p.  508. 

&  D.  camda,  Gein.  (Grapt.  p.  16,  pi.  1,  fig.  l8).  D.  tubidariformis,  Nich. 
(Ceol.  Mac  VoL  IV.,  p.  109,  PL  VII.  Figs.  11-15).  This  is  ^  remarkable  species, 
which  should,  perhaps,  be  made  the  type  of  a  new  genus.  Geinitz's  figure  is  very  im- 
perfect and  fragmentary ;  an  excellent  figure  is  given  by  Richter  in  the  German 
GeoL  Society's  Zeitschrift  (1853,  pi.  xiL  figs.  16,  17).  I  have  given  (PI.  V.  Figs. 
4«,  b,  and  c)  drawings  of  three  different  forms.  These  faithful  drawings  by  Mr. 
HoUick  may  be  compared  with  Dr.  Nicholson's  fieures  quoted,  and  some  idea  may 
be  formed  of  the  value  of  his  illustrations  ;  but  his  own  drawings  supply  materials 
&r  their  condemnation,  for  in  his  enlarged  drawing  of  Fig.  14  he  has  made  the 
%  cells  of  the  "nat  size"  into  10,  and  in  fig.  15  the  4  cells  in  the  "nat. 
we"  become  6  in  the  enlargement,  so  increasing  not  only  their  sai  but  their 
nnniirr  also. 

Gbm.  IX.  CLOfAOOoaAPTDB,  Hall  (Grapt.  Quebec  Gr.  p.  111). 
Polypary  with  a  double  seriea  of  cells  hollowed  out  of  the  oommon 
epiderm. 

Sp,  1.  C.scaiaris,  Hall  (Grapt.  Quebec  Gr.  p.  Ill),  GrafioIUHus scalarit,  Liim. 
(Skanska  Resa,  p.  147),  PHanotiu  ualaris.  His.  (Leth.  Suec.  p.  1 13).  G.  paJnuus, 
But.  in  part  (Grapt.  Boh.  pL  3,  figs.  S  and  6).  G.  niintius.  Bait,  in  part  [MJ. 
pi  i,  figs.  7  and  8).  G.  Halli,  Bair.  in  part  (ibid.  pi.  2,  figs.  14  and  15).  G. 
tenmatus,  Scharen.  (Grapt  p.  15,  pL  i,  fig.  la).  G.  Imtiutcului,  Salt.  (Quart. 
Jonm.  viii.  pi.  10,  figs,  i  and4).  Diptografsia  rtctangidaris,  M'Coy  (Pal.  Fosi.  p.  8, 
pL  I  B,  fig.  8).     D.  pristis,  var.  leaiariformii,  Baily  (Grapt  fig.  1  a,  i,  c). 

From  the  time  of  Hisinger  until  Hall  restored  tu  duuc,  tUiip«6nvucit*&'] 
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minuiderstood.  It  is  a  misfortune  that  cannot  now  be  corrected,  that  this,  the 
only  species  which  Linnaeus  describes,  finds  a  resting  place  in  one  of  the  most 
recently  established  genera,  instead  of  being  the  type  of  the  genus  Graptoiithus. 
Loc  Moffat,  etc 

a.  C.  mmutusy  sp.  nov.  (PL  V.  Fig.  lOo,  d).  This  is  a  very  minute  but  well- 
marked  species,  never  attaining  a  greater  size  than  represented  on  the  Plate. 
There  are  at  the  rate  of  from  32  to  40  cells  in  the  space  of  an  indi.     Loc  MofibU. 

3.  C.  hiromisy  Hall  (Grapt  Quebec,  Gr.  p.  ill).     Loc.  Moffat 

4.  C.  bullatusy — Diphgrapsus  buUatus^ilX^  (Quart  Joum.  vii,  p.  174,  pL  x., 
fig.  2).    Loc  Piedmont  Glen. 

I  have  never  seen  a  specimen  oi  D ,  pennatus^  Harkn.  ;  it  probably  belongs  to 
this  genus,  if  it  be  not  founded  upon  two  mono>prionidian  forms  accidentally 
placed  back  to  back. 

Gen.  X.  DiGRAKOGBAPTUs,  Hall  (Grapt.  Quebec  Gr.  p.  57).  Poly- 
pary  in  the  proximal  portion,  with  a  double  series  of  cells,  but  di- 
viding distallj  into  two  branches,  with  a  single  series  of  cells  in  their 
outer  aspect.  Hall  describes  this  genus  as  having  the  structure  of 
ClimacograptuBf  as  regards  the  cells  in  which  the  polypites  were 
lodged,  but  in  the  two  British  species  the  polypites  are  certainly  lodged 
in  true  hydrothecss.  The  form  of  the  polypary,  however,  supplies 
sufficient  charaoters  for  the  separation  of  the  group  as  a  distinct 
genus. 

Sp.  I.    />.  ramosus.  Hall  (Grapt  Quebec,  Gr.,  p.  57).    Loc.  Moffiit. 

2.  p.  CHngani,  sp.  nov.  (PL  V.,  Fig.  7<i,  ^  r).  Polypary  with  a  short 
diprionidian  portion,  the  proxunal  end  furnished  with  three  very  delicate  spines ; 
hydrothecae  forming  a  slight  serration  along  the  maigin ;  ai  cells  in  the  inch. 
Loc.  Moffat. 

Gbn.  XL — ^Bktiolites,  Barr.  (Grapt  Boh.,  p.  68).  Polypary 
without  a  solid  axis,  cells  arising  from  a  central  common  canal  in  a 
double  series,  and  in  contact  throughout  their  whole  length.  Poly- 
pary reticulated  on  the  outer  surface. 

In  Duranograptus  the  double  septum  and  axis  become  separated  in  the  branches 
into  their  elements,  forming  a  closed  back  and  axis  to  the  two  mono-prionidian 
polyparies.  The  structure  of  Diplogtapsus  is  exactly  that  of  the  proximal  portion  of 
Dicranopxtptus^  being  theoretically,  if  not  actually,  composed  of  two  mono-prioni* 
dian  polyparies,  united  back  to  back.  In  Climacograftus  the  filiform  axis  alone  re- 
mains, uid  the  divisions  between  the  polypites  is  earned  down  to  the  axis,  leaving, 
however,  a  continuous  free  space  on  either  side  of  the  axis  for  the  common  coeno- 
sarc.  In  Retiolites  this  union  is  still  more  complete,  the  coenosarc  of  the  colony 
being  common  to  the  two  series  of  poljrpites  by  the  total  disappearance  of  the 
axis  and  dorsal  portion  of  the  epiderm  m  Graptolithtu^  or  axis  and  septum  in 
Diplograpsus, 

Sp.  I.  R.  GaniHiantu,  Barr.  (Grapt  Boh.,  p.  69).  (Murch.  Sil.,  Ed.  IV.,  p. 
541,  fig.  2.)     Loc.  Cumberland. 

3«  R,  venosus^  Hall  (PaL  N.  York  ii.,  p.  40^  pi.  17  A.,  fig.  2).  Loc  Cum- 
berland. 

Gen.  Xn. — Fhyllogsaptus,  Hall  (Canada  Gkol.  Beport,  1857, 
p.  135).  Polypary  consisting  of  four  laminae  of  cells  muted  rectan- 
gularly by  their  longitudinal  axes. 

The  British  specimens  of  this  genus  which  I  have  seen  exhibit  only  thin  films 
on  the  surfaces  of  hif  hl^  indurated  or  somewhat  metamorphosed  rocks,  sufficient 
to  determine  their  rdation  to  HalFs  genus,  but  utterly  insufficient  to  exhibit  any 
details  of  the  remarkable  structure  of  the  genus.  If  I  rightly  miderstand  Hall's 
descriptions  and  figures,  the  individual  polypites  in  this  f;enus  are  entirely  separated 
from  each  other,  the  septa  between  the  hjfdrothecse  bemg  united  |to  Uie  peridom 
and  continued  to  the  axis.  This  structure  is  so  anomalous  among  the  GrapuUitidm 
that  J  am  indined  to  think  that  I  misuadcntand  it,  especiaUy  at  Hall  does  not 
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distinctly  describe  it,  iltboiigh  it  tecmi  to  me  to  be  necessaiilj  implied  ia  his 
figures  uid  descriptioiis. 

Sp.  I.  P.  amgusiifidius.  Hall  (Canada  Rep.,  p.  159  »  Qvtrt  Joom.,  toL  six , 
P  i37>  fig*  7)-    ^t'Oc.  Sldddaw  Slates. 
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FBOM     THI     WOOLHOPB     LiMKBTOKB. 

By  HWOLT  WOODWABD,  F.G.8.,  FJS.S. 

[PLATB  VIII.] 

THE  fossil  about  to  be  described  was  obligin^^y  sent  to  me  by 
Dr.  Boll,  of  Hereford,  having  been  hi^pily-  resoued  from  tlie 
remorseless  hammer  of  the  road-mender,  by  Bichard  Johnson,  Esq.. 
the  Town  Clerk  of  that  city.  It  exhibits  the  shell  id  section,  fractured 
longitudinally,  and  embedded  in  a  hazd  compact  mass  of  dark  blue 
Woolhope  Limestone,  which  may  be  seen  well  exposed  tii  stdi  in 
the  Little  Hope  quarries,  near  Woolhope,  fiom  whence  the  block 
which  contains  the  fossil  was  derived.  Dr.  Bull  informs  me  that 
the  Woolhope  Limestone  firom  these  quaznse  is  always  used  finr 
road-metal  in  the  surrounding  district 

It  is  most  fiuthfully  delineated  (of  the  natural  siae)  in  the  ao^ 
oompanying  lithograid^  (Plate  YULL),  by  the  able  pencil  of  Dr.  BidL 

The  fossil  has  been  fractured  so  as  to  remove  the  upper  surfiioe, 
exposing  seven  perfect  and  two  fractured  beads  of  the  siphuncle, 
and  giving  evidence  of  ten  septa ;  the  chambers  formed  by  which 
remain  partially  hollow  and  are  partly  filled  by  calcareous  spar. 
None  of  the  exterior  wall  is'  visible  from  which  the  nature  of  the 
ornamentation  of  the  shell,  if  Bxijf  might  have  been  ascertained, 
but  the  interior  portion  is  so  characteristic  of  the  genus  that  I  have 
no  hesitation  in  referring  it  to  Actinocera$. 

That  genus  is  characterized  as  follows : — ''  Siphuncle  very  laige, 
inflated  between  the  chambers,  and  connected  ¥rith  a  slender  central 
tube  by  radiating  plates."  ^ 

Of  the  species  referred  to  this  genus  five  are  British,  namely, 

AciinoceroB  Brongniariii,  Portl.     Lr.  Silurian,  IVrone. 

Brightiif  Sowerby,      XJ.         „  Malvems. 

numntttZartttfit,  Sowerby,         „  Tortworth. 

giganteum,  Sowerby,        Garb.  L.  Yorkshire,  etc. 

pyramidatum,  M'Ooy,  „  Ireland. 

The  Woolhope  fossil  most  closely  resembles  A.  pyramidatum,  of 
M'Coy,  both  in  the  beaded  form  of  the  siphuncle  and  the  general  pro- 
portions of  the  chambers,  but  the  beads  of  the  siphuncle  are  much 
less  spherical  in  A,  pyramidatum,  and  the  sides  of  the  chambers  form 
a  less  acute  angle  at  their  junction  with  the  outer  wall  of  the  shell 
than  in  the  fossil  before  us.' 

^  Sec  "  "Woodward's  Manual  of  the  MoUasca,*  p.  68. 

'  Compare  figure  on  Plate  Till,  with  M'Coy's  figure  in  Carbonif.  Foss.  of  Ireland, 
table  /,  fig.  5 ;  see  also  Barrande's  **  Syst.  Silur.  de  Bohdme  (Cephalopoda)  "  vol.  ii., 
pi  232,  Sg,  11. 


ft 
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The  following  are  the  proportions  of  the  Woolhope  specimen  : — 

Extreme  len^  of  siphnncle  composed  of  9  beads,  4\  inchoB :  tramrene  diameter 
of  largest  bead  of  same,  9  lines ;  yertical  thickness  of  same,  7  lines ;  tnmsTerBe  diameter 
of  smallest  bead,  6  lines ;  yertical  thickness  of  same,  4  lines ;  greatest  diameter  of 
shell,  2  inches ;  least  diameter  of  shell,  1  inch  4  lines ;  interspace  between  one  septnm 
and  another  in  largest  chamber,  6  lines  ;  in  smallest,  8  Unes. 

Neither  the  apex  or  body-chamber  of  the  shell  being  present, 
we  can  only  surmise  its  length.  A  section  of  Actinoceras  giganteum{f) 
from  Derbyshire,  preserved  in  the  British  Museum,  measures  2 
feet  in  greatest  length  and  S^  inches  in  greatest  breadth,  and  exhibits 
thirty-eight  body-chambers.  An  Orthoeeras  from  Ireland,  in  same 
collection,  measures  2ft.  lOjt  inches  in  length  and  16in.  in  circum- 
ference.    Many  have  been  mscovered  even  far  larger  than  these. 

To  this  group,  undoubtedly,  belong  the  most  gigantic  forms 
of  the  straight  NattUlidcB. 

The  interest  attaching  to  this  most  ancient  group  of  chambered 
shells  is  such,  that  I  have  gladly  availed  myself  of  Dr.  Bull's  kind 
proposal  to  notice  it  in  the  pages  of  this  Journal,  accompanying  the 
notice  with  his  excellent  figure.  I  have  not  only  carefully  examined 
the  specimen  myself,  but  have  been  favoured  with  the  opinion  of 
Professor  Morris  thereon,  and  I  am  confirmed  in  the  conclusion  that 
the  Woolhope  specimen  is  specifically  distinct  from  any  other 
heretofore  described.  I  have  therefore  (at  the  suggestion  of  Dr. 
Bull)  named  it  AcHjioceras  hdccatum  (in  reference  to  the  beautiful 
bead -like  structure  of  the  siphuncle). 

The  characteristic  fossils  obtained  from  the  Little  Hope  quarries 
in  the  Woolhope  Limestone  from  whence  A.  hctccatum  was  derived 
are  :  Trilobites — lUoenus  Banriensis,  Homalonotus  delphtnocephaUu, 
and  Phacops  caudatus.  Mollusks —  Orthoeeras  annulatum,  Strophomena 
depressGy  S.  euglyphay  8.  pecten,  Bhynchonella  Wilsoni,  and  B, 
Siricklandiy  Cirrus  —  sp. ;  and  also  Comulites  serpuLarius  and  Ptycko- 
phyllum  patellatum. 

The  Little  Hope  or  Scutterdine  quarries  (which  are  quite  beneath 
the  Wenlock  shale)  are  intersected  by  the  Geological  Survey,  section 
No.  2  on  sheet  13,  and  their  precise  position  is  laid  down  on  the 
Ordnance  Map  No.  xuii.,  N.W. 

It  is  to  be  hoped  that  the  Woolhope  Naturalists'  Field-club, 
which  numbers  some  excellent  geologists  among  its  members,  will 
detect  further  specimens  of  this  interesting  fossil,  and  that  we  may 
be  able,  at  a  futm:^  day,  to  add  a  more  full  description  to  the 
present  very  brief  notice. 

Mammalian  Eemains  at  Ilfobd. — Mr.  Antonio  Brady,  F.G.S.,  of 
Maryland  Point,  Stratford,  has  again,  at  great  expense,  endeavoured 
to  save  from  destruction  some  fine  remains  laid  bare  a  few  days 
since  by  the  workmen  in  Hill's  Pit,  at  Ilford.  The  remains  included 
two  fine  pairs  of  hom-cores  of  Bos  primigenius,  a  fine  antler  of  CervM 
Elaphus  (with  eight  prongs),  and  a  grand  tusk  of  Elephas  primigeniuSj 
measuring  9  feet  6  inches  in  length.  Large  numbers  of  loose  limb- 
bones  and  vertebrse  of  Bos,  and  bones  of  Ursus  and  Eqwus,  were  also 
obtaiDecL 
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GEOLOGY  OF  THE  SOUTH. WEST  OF  EXCLAND. 
1, — "On    THK    Middle    .\nd   Upper   Lias  op  thb  Soi'th-wkot  of 

Enolasd."     Bt  Goarles  Moo&k,  F.G.S. 

BjRniated  fttaa  Ibe  Proceedinea  of  the  Somcnelshire  AntiKoloncal  and  NatorBl 

Hi<lot7  Sodetf.    VoL  xiii.     laSa-fle. 

2. — "  Os  Abnormal  Cosditions  of  Secosdaht  Drpdsits  when  con- 
sKCTED  WITH  Tire  SoHKRgETSBiBe  isn  South  Wales  Coal- 
Babin;  and  OS  thb  Age  op  the  Stttton  and  South brndoww 
Series."     By  Charles  Moobe,  F.G.S. 

tlmrteilT  JooniBl  of  the  Geiilogical  Society,  December  1,  1867-    Snppkmontarjr  No. 

rthe  first  of  these  papers,  Mr.  Moore  describes  the  beds  between 
the  Bo-called  Upper  Lias  Sands  and  the  zone  of  Ammonites  rari- 
totlalta,  the  highest  member  of  the  Lower  LIm.  in  their  pnssagQ 
Arough  Somereetshire  into  Gloiiceaterehire.  He  gives  ntimerous 
lections,  and  lists  of  foBsils,  with  descriptions  and  illustnitions  of 
He  Moltusca, — some  of  wliioh  are  new  spcdes.  A  typical  section  at 
Smineter,  showing  1S8  feet  of  Middle  Lias,  and  10  feet  of  Upper 
Lias,  is  first  explained,  and  then  compared  with  other  sections  in  the 
South-west  of  England.  The  beds  of  the  Middle  Lias  consist  of 
irregnlar  thickly -bedded  nmrlstones,  msrls,  and  sands,  with  much 
iionsloiie.  The  Upper  Lins  eomprises  thin  beds  of  clay  and  lime- 
stone, crowded  with  organic  remains.  Though  iron  is  plentifully 
distributed  in  th'-  Middle  Li^s  f-f  the  dinlrit-t  iithIit  ronBiderntion, 

Ihc  beds  !ire  not  qm^r  tliirk  rniiil-li  to  In-  «-nrl;od  witli  prnfif. 

la  noticing  the  IclidiyuBauri  uf  iIid  Upper  Lias,  Mr.  Moore  ie< 
laarks  that  whilst  these  reptiles  appear  in  Liassio  times  to  have  f6d 
OQ  the  naked  cephalopoda,  others  of  this  family  in  their  turn  retali- 
ated. In  seyentl  instances  their  bodies  have  been  found  covered  by 
mloniee  of  Ammonites,  which  were  evidently  preying  npoa  the 
Ichthyosauri  before  they  were  finally  entombed. 

Mr.  Moore  discusses  the  recent  classification  with  the  Upper  Lias, 
of  the  Yellow  Sands  beneath  the  Inferior  Oolite,  and  states  that  he 
baa  never  been  able  to  recognize  this  arrangement.  Not  only  is 
there  in  each  horizon  as  distinct  a  fauna  in  its  general  faciee  as 
caa  be  found  in  any  other  formation,  but  wherever  the  juuctioQ 
of  the  sands  with  the  Upper  Lias  is  observed,  there  is  a  most  marked 
and  permanent  lithological  distinction  in  argillaceous  beds  crowded 
with  Ammonites,  etc.,  capped  by  yellow  sands,  with  but  few 
evidences  in  their  lower  beds  of  organic  life.  Moreover,  he  adds, 
that  wherever  the  junction  of  the  Upper  Lias  with  the  Sands  is  ex- 
posed, the  former  presents  an  eroded  surface. 

Mr.  H.  B.  Brady  contributes  a  synopsis  of  the  Foraminifera  ;  and 
Mr.  Henry  Woodward  furnishes  a  communication  on  the  Crustacea, 
wherein  he  points  out  the  interesting  fact  that  many  forms,  common 
to  the  Lias,  agree  in  identity  with  species  found  only  in  the  Litho- 
graphic stone  of  Solenhofen,  showing  that  they  must  have  m.ifgnte& 
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before  the  dose  of  the  Liasrio  period  in  this  oonntiy,  and  thnB  hare 
been  enabled  to  live  on  dnring  the  deposition  of  the  long  aeries  of 
sedimentary  deposits  which  oocur  between  our  Lias  and  the  Upper 
Oolite  in  Bietyaria. 

2. — In  the  second  paper,  Mr.  Moore  shows  that  south  of  Bath 
there  is  a  very  remarkEible  thinning-out  of  the  Secondary  beds 
as  compared  with  their  equivalents  beyond  the  Mendips,  and  that 
whilst  in  the  latter  case  they  attain  an  aggregate  thickness  of  8320 
feet,  in  the  neighbourhood  of  Badstock,  Paulton,  and  Camerton 
they  are  reduced  to  169  feet,  which  he  considers  to  arise  fiom  the 
Mendip  Hills  having  been  a  land-area  during  a  great  part  of  this 
lengthened  period,  and  so  serving  to  prevent  the  incursion  of  the 
Secondary  seas  within  its  borders. 

The  mineral  veins  of  the  district  show  most  conclusively  that  the 
Carboniferous  Limestone  must  for  a  very  long-extended  period  have 
been  within  the  influence  of  the  Liassic  seas,  and  that  from  the 
latter  have  been  derived  most,  if  not  all,  of  their  mineral  treasures, 
whether  iron,  lead,  or  calamine. 

Mr.  Moore's  observations  lead  him  to  t^e  conclusion  that  the  eleva- 
tion of  tiie  Mendips  and  their  South  Wales  continuation  may  be 
assigned  to  a  time  not  fieur  removed  from  the  deposition  of  the  Upper 
Beds  of  the  Trias  or  New  Bed  Sandstone.  His  discovery  of  a 
basaltic  dyke  in  the  Mendips  clearly  explains  to  him  the  origin  of 
the  up-heaval  and  disturbance  of  the  beds  forming  this  range  of  hiUs. 
A  section  across  the  Nettlebridge  valley  shows  that  by  the  protru- 
sion of  the  dyke  rocks  of  enormous  thickness  have  been  carried 
bodily  forward  in  a  northerly  direction  for  a  great  distance,  and  are 
not  only  left  standing  vertically,  but  are  in  some  instances  folded 
over  upon  themselves.  In  consequence  of  this.  Coal  has  been  able 
to  be  worked  beneath  a  reversed  band  of  Carboniferous  Limestone. 

In  regard  to  the  Sutton  Stone,  Mr.  Moore  is  of  opinion  that  its 
peculiar  lithology  is  only  local,  and  he  shows  that  these  beds  are  truly 
Liassic — a  view  corroborated  by  Mr.  Bristow*s  detailed  observationB 
in  the  field.  Mr.  Moore  notices  many  points  of  palsdontologioal 
interest,  especially  the  wonderfully  rich  fauna  of  Brocastle,  from 
which  he  heis  obtained  nearly  200  species,  including  many  Corals 
which  have  been  examined  and  described  by  Dr.  Duncan. — ^ELB.W. 


Catalogue  STSTiMATiQUE  bt  Descbiptif  des  Fossiles  des  Tee- 
rains  Tertiabes,  au  MusiE  FintRAL  de  Zurich.  Cahiebs 
1  AND  2.    Par  Charles  Meyer. 

THIS  work  appears  in  the  Quarterly  Journal  of  the  Nat  Hist 
Society  of  Zurich,  but  its  value  as  a  contribution  to  Palseonto- 
logy  is  far  greater  than  its  unpretending  and  somewhat  fragmentary 
mode  of  publication  would  imply.  It  is  the  result  of  critical  study 
of  species  by  an  experienced  and  accomplished  oanchologist^  and 
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piomieea  in  the  sequel  to  supply  mntcrials  bj  which  the  Faunas 
of  the  variouB  Tertiary  bofiinfi  may  be  compnred  :  under  which,  that 
of  tlie  Swiss  valley  will  be  as  interesting  as  any. 

M.  Meyer  still  adheres  to  the  old  Geological  term  "Tertiary," 
and  includes  the  groat  Niimmulitic  series,  in  all  its  equivalents ;  bat 
he  shows  in  tho  sequel  where  and  why  a  line  should  be  drawn, 
which  would  detach  the  Nummulitic  from  the  true  Kainozoic  series, 
or  that  of  which  every  part  contains  some  proportion  of  living  forms. 

In  his  Catalogue  of  species  of  fossil  shells  M.  Meyer  does  not. 
proceed  according  to  any  aystematjo  arrangement  His  first  part 
comprised  the  ChSnopidos,  the  Strombides,  and  the  Ficulides.  In 
Part  2  are  the  Mactrides,  and  tho  Fholadomyides.  Numeroiu 
specieB  are  reviewed,  as  to  their  range  vertically,  and  their  geogra- 
phical distribution.  Other  columns,  such  as  that  of  the  money  value 
of  a  apecimen,  or,  again,  that  of  its  relative  abundance  or  scarcity, 
might  have  been  dispensed  with. 

To  each  Fart  of  the  Catalogue  a  Geological  Introduction  is  prefixed. 
In  his  last  M,  Meyer  proposes  to  make  two  ftdditionB  to  his  previouB 
Kale  fTableau  synchronistiquo  dos  Terrains  Tertiaros,  I860), — the 
one  quite  at  tho  base  of  the  scries,  between  the  "  Danien  "  and  the 
"  Sueasonien ; "  the  other,  now  the  I2th,  between  tho  "Tortonien" 
and  "  Astten."  The  first  of  these  is  to  inelude  a  fauna  which  haa 
recently  been  discovered  below  any  former  subdivisions  of  the 
Belgic  Nummulitic  group ;  tho  other  for  certain  bods  which  he 
had  formerly  considered  as  forming  tho  lower  portion  of  the 
"ABtieo"  stage,  but  whioh  he  haa  now  separated,  in  accordance 
with  the  views  of  M.  S^gnenza.  Few  geologist*  will  agree  with  M. 
Ueyer  that  this  addition  to  the  already  long  series  of  hia  "  Tertiary  " 
stages  makes  that  period  of  more  importance  than  either  the  Jurassic 
or  the  Cretaceous ;  but  most  will  go  with  him  in  this — that  they 
render  more  desirable  than  ever  that  the  "Tertiary"  period  should 
be  formed  into  two  symmetrical  and  natural  groups. 

M.  Meyer  disposes  summarily  of  older  Gleological  arrangements. 
What,  he  asks,  is  the  Fliocene  ?  A  simple  stage,  like  any  other ; 
based,  in  Italy,  on  the  preceding  stage,  and  connected  with  neigh- 
booring  stages  by  so  large  a  portion  of  its  fauna,  as  hardly  to  retain 
a  characteristic  species.  What  is  the  Miocene?  A  jumble  of  four 
distinct  stages,  stratigraphically  considered,  of  which  the  first 
(Aquitanien)  has  in  common  with  the  uppermost  (Tortonien)  but 
certain  living  species,  and  a  few  which  make  their  appearance  from 
the  Tongrien  period.  What  is  the  Oligocene  ?  Three  stages  which 
occur  in  the  little  North  German  Tertiary  basin,  and  which  are 
joined  together,  because  there  accidentally  is  a  break  both  above  and 
below  them,  but  the  which  are  more  completely  distinct  from  one 
another  than  the  lower  and  the  higher  are  from  those  which  precede 
or  follow. 

"  But  since   it   would  be  well  to  establish   one  or   two   great 

'  sections  in    the   over-long    Tertiary   Series,  it  seems  to  me  that 

there  is   a  method    of    separation    which    above    every  other  haa 

the    advanti^   of    being   convenient    and  perfectly   symmebricol. 

TOl.  T,— HO.  XIT.  10 
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It  is  the  method  proposed  by  M.  Hoomes,  which  places  the 
bonndaiy  line  between  the  Eooene  and  the  older  Miocene,  or  be- 
tween the  Tongrien  and  Aquitanien  stages.  Let  the  Prussian 
geologists  say  what  they  may,  it  is  precisely  then — at  the  close  of 
the  Tongrien  period — that  in  Europe  the  most  important  changes 
took  place,  either  with  respect  to  the  displacement  of  seas,  or  the 
change  of  fauna.  At  that  time,  in  the  north  of  Europe,  the  sea 
retired  from  the  whole  of  the  English,  French,  and  Belgio  portions 
of  the  Tertiary  basin,  and  there  was  a  contraction  of  one-third  of  the 
North  German  basin.  In  central  Europe  there  was  a  general  and 
important  elevation,  or  at  least  a  first  marking  of  the  boundaries, 
of  the  whole  Alpine  chain  ;  evidenced  by  the  presence  of  Tongrien 
depositions  on  the  mountains  of  Faudon  and  St.  Bonnet,  of  the 
Dent-du-Midi,  the  Diablerets,  the  Titlis,  <fec.,  and  by  the  position  of 
the  earliest  marine  deposits,  of  the  Aquitanien  period,  at  &e  base  of 
the  great  Alpine  wall.  In  the  S.W.  of  France  there  was  a  con- 
traction and  emptying  of  that  basin,  as  shown  by  depositions  either 
wholly  fresh-water  or  brackish.  Palseontologically  considered,  there 
was  nearly  a  complete  disappearance,  in  the  Aquitanien  stage,  of  all 
the  Eocene  species,  that  is  of  those  which  still  in  considerable 
numbers  connect  the  Tongrien  with  the  subjacent  stages  ;  there  was 
a  complete  extinction  of  Nummulites,  which  are  still  accumulated  in 
great  numbers  in  the  upper  beds  of  the  Alpine  and  southern  zones 
of  the  Tongrien  stage ; — (St.  Jacques  near  Rennes,  Gkuis,  le  Tuo-du- 
Saumon  near  Dax,  Faudon,  Argentines  in  the  French  Alps,  the 
Dent-du-Midi,  the  Diablerets,  Acqui,  Cassinelle,  Pietra-Bissara,  etc., 
in  the  Piedmontese  Apennines ;  Verona,  Gastel-Gomberto ;) — lastly 
the  first  appearance  of  the  great  Pachyderms,  and  swarms  of  still- 
living  species  of  Mollusca." 

It  is  true  that  M.  Meyer  suggests  certain  Palseontological  conside- 
rations which  may  detract  from  the  value  of  this  proposed  line  of 
demai'cation,  such  as  an  admixture  of  fossil  in  certain  localities,  just 
as  was  supposed  to  be  the  case  at  the  Bolderberg;  of  such  difficulties 
as  these  the  physical  geologist  sees  an  obvious  explanation.  The 
Nummulitic  group  must  be  wholly  separated  from  the  Eainozoic. 
and  be  made  to  constitute  the  uppermost  member  of  the  Mesozoio 
series  of  Periods. 

The  changes  which  M.  Meyer  now  proposes  are  these : — ^L  For 
"  Mayencien  "  he  substitutes  the  designation  **  Langhien,"  from  a 
chain  of  hills  between  Acqui  and  the  upper  course  of  the  Tenaro ; 
the  change  is  made  in  deference  to  the  dislike  of  the  Germans  to  the 
word  Mayencien, — a  very  insufficient  reason.  II.  Mr.  Toumouer's 
recent  discovery,  on  the  boundary  of  the  Department  of  the  GJers 
and  the  Landes,  of  beds  identical  with  the  Faluns  of  Touraine, 
proves  that  these  last  are  not  merely  a  facies  of  the  Saucats  beds, 
but  belong  to  a  higher  level,  stratigraphically  distinct ;  as  also  by 
a  fauna  less  rich  in  tropical  species,  richer  in  Mediterranean  forms. 
This  level  being  intimately  connected,  in  the  S.W.  and  central 
France  as  in  the  Swiss-Oirman  Jura,  with  that  which  follows 
(ibe  beda  of  Serravalle),  it  becomes  necessary  to  unite  it  to  the 
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"Helvf-tien  "  stage.  Mayencien  ii.  b,  becomes  Helvetian  i. ;  Helvfi- 
tien  ii.  and  iii.,  H.  i  and  ii.,  for  all  the  localities  quoted,  except  those 
of  the  hill  of  Turin,  which  remain  at  the  level  of  the  Mantholan 
bfrde  (Rio  della  Batteria,  Villa  RoaBSenda,  lower  Baldissero),  or  at 
(hat  of  the  Serravalle  beds  (Termo-Fourn,  Pino,  unper  BaldiHsiro). 
The  beds  with  large  Lncinro,  of  Pino,  Stazzano,  of  Monte -Baranzone 
near  Hodena,  are  the  Italian  representatives  of  the  Leitha  lime- 

"The  new  stage  which,  in  agreement  with  M.  SSguenza,  I  propose 
to  intercalate  is  in  every  respect  most  interesting.     First  it  fulfils 
exactly,  bolh  by  position  and  fauna,  the  middle  place  betwixt  the 
Miocene  and  Pliocene  which  was  wanted,  to  demonstrate  the  uselcsff- 
aees  of  such  distinction.     It  presents  at  the  same  levels  extended 
wit,  bmckish,  and  fresh-water  deposits.     Lastly,  it  connects  together 
a  nnmber  of  deposits  whose  places  had  not  been  determined,  such 
as  the  brackish  water  beds  of  the  Danube  basin,  and  the  nppor  fresh- 
water Mollaase  of  Switjterland.     It  is  to  the  middle  stage  that  M. 
Heer  gave  the  name  of  that  of  "  CEningien ; "  it  is  to  its  lower  level 
that  the  Sarmathian  stage  of  M.  Suess  is  to  he  referred  ;  and  it  ij 
for  its  thick  marine  beds  of  the  neighbourhood  of  Messina  that  M. 
S^uenxa  wonld  propose  the  name  of  the  ZankliJen  stage.     Sepa- 
rated from  the  Aatien   stage,  snch  as  I  had  at  first  proposed  it,  the 
Missinien  stage  corapriflos  3  levels. 
"  3.  The   Epplesheim  beds,  including  the  pebble    beds    of    the 
Tortonios  and  of  the   Plaisantin.     The  sands  and  pebbles 
with  Dinotherium  of  the  valleys  of  the  Danube,  the  >lura, 
and  the  Rhine,  and  the  corresponding  beds  in  the  S.W.  of 

"  2.  The  Dreissena  (Congeria)  beds  of  the  Danube  valley,  and  of 
Kertch,  the  region  of  the  upper  gypsum  beds  of  the  N.  Apen- 
nines, the  upper  fresh-water  Mollaase  of  Switzerland. 

"  I.  And  lowest,  the  Billowitz  beds,  those  with  Cerithia  and 
Uactja  Podolica  of  the  Danube  valley  and  Russia.  The 
marls  with  Cerith.  of  Stazzano  and  8t.  Agate  near  Tortona. 
The  white,  sandy  and  micaceous  Mollaase  of  the  North  of 
Switzerland. 

"  The  Marine  marls  of  Messina,  their  great  thickness  considered, 
are  the  probable  equivalents  of  the  whole  of  these  three  levels." 


Qeolooical  Society  or  London. — I.— January  8,  1868. — 1. 
"  Notes  on  the  Lower  Lias  of  Bristol.'"  By  W.  W.  Stoddart,  Esq., 
F.G.S. 

Three  sections  in  the  suburbs  of  Bristol  were  described  by  the 
anthor,  as  exhibiting  the  following  strata  in  descending  order, 
namely,  at  Ashley  Down,  (1)  Ammonites-cottatut  bed,  (2)  Saurian 
bed,  (J!)  Ammonitet-Conyhtari  bed  (commencement  of  the  zone  of 
A.  Bwklanii),  and  (4)  Lima-beds ;  the  succeeding  beds  are  covered 
up  for  a  short  distance,  and  then,  in  Montpetiei  qnaxry,  bi«  CiX^Be&. 
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(5)  AmmamUB-iamrui  bed,  (6)  Eohmoderm-beds,  (7)  Ammonfie9-John» 
stoni  beds,  and  (8)  Aviciua-bed;  in  Cotham  quarry  are  seen  (9) 
Bubble-bed,  oontaining  AmmoniUt  planorhii,  Lima  g%ga$itea^  and  Z. 
J)unrm>enen9%$j  (10)  AmmaniUs-tortHu  bed,  (11)  Sutton-beds,  (12) 
PhoUdaphoruB  bed,  (13)  Ammamtes-JohMtani  beds,  (14)  Wbite  Lias, 
and  (15)  Cotham  marble  resting  upon  the  Eeuper  marls,  the  Avie- 
tUa-catUarta  beds  being  absent.  Mr.  Stoddart  considered  that  the 
Cotham  section  afforded  very  decided  evidence  of  the  Bridgend 
series  being  above  the  Bhsetic  beds,  and  in  the  Planorbia-zone.  He 
also  described  an  horizontal  section  of  the  deposits  between  Ashley 
Down  and  Cotham,  and  remarked  on  the  physical  conditions  which 
had  combined  to  produce  the  phenomena  observed  in  the  district. 

2.  *'  On  the  Lower  Lias  Beds  occurring  at  Cotham,  Bedminsteri 
and  Eeynsham,  near  Bristol."    By  C.  0.  Groom-Napier,  Esq.,  F.G.S. 

The  author  described  in  detail  sections  exposed  in  two  quarries  at 
Cotham,  and  noticed  others  seen  at  Bedminster  and  Eeynsham.  He 
had  made  an  extensive  collection  of  fossils  from  the  several  beds, 
and  he  now  exhibited  a  table  showing  the  names  and  ranges  of  the 
several  species.  The  conclusions  at  which  he  had  arrived  were  that 
the  Sutton-Stone  is  a  Liassic  rather  than  a  Bhsdtic  bed,  and  belongs 
to  the  PlanorbiB-zone ;  and  that  the  Planorbis-zone  and  the  Sutton 
series  are  subdivisions  of  the  White  Lias.  Mr.  Groom-Napier  also 
described  two .  new  species  from  the  Planorbis-zone  of  Cotham, 
namely,  Avicula  Sanderst  and  Anatina  Cothamtefuis:  and  one— 
Hinnites  minutus — found  in  a  stratum  at  Cotham  associated  with 
Monotis  deeuuata. 

3.  "  On  the  Dentition  of  i2A«W(ww  jE^rtwinw,"  Fala  By  W.  Boyd 
Dawkins,  Esq.,  M.A.,  F.K.S. 

The  number  of  teeth  possessed  by  B,  Etruscw  is  the  same  as  that 
of  the  species  already  described  by  the  author. 

The  first  premolar,  if  present  at  all,  disappeared  very  early  in 
life,  leaving  no  trace  of  its  existence.  This  character  separates  it 
from  all  other  known  Miocene  species.  Of  the  milk-molars  the 
author  has  not  yet  sufficient  materials  to  attempt  a  description. 

The  upper  true  molars  differ  from  those  of  other  British  species 
in  the  lowness  of  their  crowns,  the  abruptly  tapering  form  of  the 
colles,  d  and  0,  and  the  stoutness  of  the  guard  0  on  the  anterior 
aspect.  The  grinding  surface  of  the  crown  is  deeply  excavated,  not 
worn  flat  cts  in  £.  tichorhinua.  The  horizontality  of  the  guard  0,  and 
the  height  above  the  cingulum,  characterize  the  whole  of  the  pre- 
molars, and  distinguish  this  species  from  all  others  found  in  Britain. 

The  lower  true  molars  differ  from  those  of  B,  nvegarhxnm  in  being 
smaller,  having  the  crowns  lower,  and  the  guard  0  more  strongly 
marked.  They  differ  from  those  of  B,  leptorhinus  and  tiehorhmua  in 
the  position  of  the  guard,  the  lowness  of  the  crown,  the  thickness  of 
the  enamel,  and  the  absence  of  costee  from  the  rounded  anterior 
area. 

B,  EtruscuSy  together  with  all  Miocene  species  (except  those  of  the 
Sewalik  Hills),  belong  to  the  brachydont  section,  while  all  the  living 
Pliocene  and  Pleistocene  species  (except  Etruscua)  belong  to  the  hypo- 
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dont  section.  We  have,  therefore,  to  oompetre  R.  EtrMcui  with  Thliooene 
rother  than  with  Pliocene  and  Pleistocene  species.  It  differs  from  the 
BliJnoc«ros  of  Aavergne  principally  in  the  greater  compleritj  of  its 
Mlrrior  tallty  and  the  larger  development  of  the  pMterior  oombing- 
fiaU.  ItA  nearest  ally  is  the  homlees  Khiuoceroe  of  Darmstadt,  the 
JMrolbrrivm  inciaitum  of  Kanp. 

R  Elru»fut  has  been  found  associated  with  E.  meffarhinue,  but  not 
vith  B.  lii'horhima  nor  B.  leplorhina*. 

It  has  not  been  found  with  any  animal  (except  tUo  Mammoth)  fitted 
fiw  living  in  a  severe  climate,  nor  in  any  deposit  of  post-glitcial  age. 

IL  January  22nd,  1868.— 1.  "  On  the  Speeton  Clay."  By  John 
ff.  Jadd,  Esq.,  F.G.S. 

In  tracing  the  history  of  discovery  in  conncsion  with  this  forma- 
tion, the  foUovring  epochs  were  pointed  out  by  the  author: — (1) 
the  separation  of  the  Cretaceous  from  the  Kimmeridge  beds,  by  Prof. 
Phillips,  1829;  (2)  the  reference  of  the  former  to  the  Neocomian 
formation,  by  MM.  Agassiz,  Qodwin-Austen,  Bomer,  and  others, 
1B38,  etc  ;  and  (2)  the  recognition  of  Portlandian  beds  in  the  series, 
by  Mr.  Leckenby,  1864. 

Mr.  Judd  then  proceeded  to  give  a  description  of  the  nniqae  cliff- 
section  exposed  at  Speeton,  which  is  unfortunately  greatly  complicated 
by  faults  and  contortions,  and  mucb  obscured  by  drift,  landslips,  and 

After  adducing  evidence,  both  stratigraphioai  and  palffiontological, 
to  prove  that  no  portion  of  the  Speeton  clay  is  of  Qault  age,  the 
author  showed  that  this  great  series  of  clays  (probably  over  1,000 
feet  thick)  beloi^  to  no  less  than  seven  formationB,  viz.,  Upper, 
Middle,  and  Lower  Neocomian,  Portlandian,  and  Upper,  Middle,  and 
Lower  Kimmeridge.  These  formationa,  as  displayed  in  Filey  Bay, 
were  described  in  detail;  lists  of  the  fossils  firom  each  (drawn 
up  with  the  assistance  of  Mr.  Etheridge)  were  given,  and  their 
equivalents,  both  in  this  country  and  on  the  continent,  pointed  out; 
and  the  author  concluded  his  paper  with  appendices  on  the  fossils 
and  the  economic  prodacts  of  the  Speeton  clay. 

2.  "Notice  of  die  Hessle  Drift  as  it  appeared  in  Sections  mor» 
than  forty  years  since."  By  Professor  John  Phillips,  D.C  Jj.,  F.B-S., 
F.G.S. 

Beferring  first  to  the  difficulties  formerly  experienced  in  Attempt- 
ing to  explun  the  origin  of  the  Boulder-clays  and  Northern  drills 
more  than  forty  years  ago,  without  the  aid  of  glaciers  and  icebergs, 
the  author  expressed  his  belief  that  the  lowest  gravels,  resting  on 
the  Cbalk  at  Hessle,  are  of  pre-glocial  date.  He  stated  his  opinion 
that  there  is  no  evidence  of  uie  beds  in  question  being  marine ;  while 
the  abundance  of  mammalian  remains  offers  a  strong  presumption 
against  thin  interpretation.  Beds  of  this  order,  composed  of  chalk 
and  flint  fragments,  are  not  only  unknown  in  the  midst  of  the 
Bonlder-clay,  but  can  hardly  be  imagined  to  exist  there.  Further, 
the  Boulder- clay  rests  on  them  without  conformity.  Professor 
FhiUips  also  observed  that  if  the  Hessle  clay  be  the  u^^t  "g&s^. 
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of  the  great  Hold^neBS  depoeit,  and  not  met  with  beyond  the  out- 
orop  of  the  Chalk,  it  moat  be  designated  a  third  Boulder-elay ;  and 
he  oonduded  his  paper  by  a  detailed  description  of  his  original 
observations  of  the  Hessle  oliff  more  than  forty  years  ago. 

Geological  Sooiett  of  Glasgow. — ^At  t^e  usual  monthly  meeting 
on  Thursday  evening,  Dec.  12, — ^Dr.  Young,  president,  in  tiie  diair/ 

Mr.  J.  Thomson  exhibited  specimens  of  Carboniferous  corals  of 
the  genera  ClisiophyUum,  Cyclophyllum  Duncan  and  Thomson,  and 
Avlophyllum  Edwardsi,  sp.  nov.,  D.  and  T. ;  and  entered  into  ex- 
planations of  the  structural  characters  upon  which  these  forms 
were  established 

Mr.  John  Young  made  some  remarks  upon  this  so-called  new 
genus  of  corals,  OyclophyUum  fungiteSf  and  stated  that  since  the  time 
of  David  Ure  (who  was  the  original  discover  of  the  genus  in 
question)  this  coral  had  been  changed  from  one  genus  to  anothtf 
by  Palaeontologists,  no  less  than  two  new  genera  having  been 
established  to  receive  it,  and  he  doubted  very  much  if  it  had  yet 
found  its  final  resting-place.  He  deprecated  very  much  the  es^h- 
lishing  of  generic  distinctions  upon  small  and  unimportant  points  in 
any  organism,  as  tending  to  burden  science  with  useless  synonyms. 
He  further  pointed  out  that  Professor  M'Coy  had  clearly  delineated 
the  various  parts  constituting  the  internal  organization  of  this  coral. 

And  in  his  remarks  upon  the  genus  AulophuUum  of  Milne  Edwards 
(of  which  Ure's  ccrsl  was  the  type),  M  Coy  showed  that  the 
characters  which  he  relied  upon  as  points  of  generic  distinction 
only  serve  to  characterise  a  well-marked  species.  Dr.  Duncan's 
figures  reveal  no  new  points  in  the  structure  of  this  coral  which 
were  not  already  known,  and  however  much  Dr.  Duncan  may  differ 
from  Professor  M*Coy  and  other  Palaeontologists  who  have  worked 
upon  this  genus,  in  his  interpretation  of  the  various  points  of 
structure  therein  displayed,  yet  he  (Mr.  Young)  thought  that  these 
points  were  so  small  and  unimportant  as  hardly  to  warrant  it  being 
again  placed  in  a  new  genus. 

Mr.  Thomson,  in  replying  to  Mr.  Young's  remarks,  drew  attention 
to  two  errors  of  Ure's ;  first,  that  he  described  the  corallum  referred 
to  by  Mr.  Young  as  being  broad  at  the  base,  a  feature  presented 
by  Amplexue  only;  second,  that  he  gives  Kilbride  as  the  locality, 
whereas  Mr.  Thomson  had  not  found  in  any  of  the  Kilbride  localities 
any  other  turbinated  Coral  than  Zaphrentia.  Mr.  Thomson  repeated 
the  structural  characters  of  ClisiophyUum,  Atdophyllumj  and  Cydo- 
phyUunif  and  insisted  on  the  essential  difference  of  the  latter  from 
the  two  former  in  this,  that  the  endothecal  structure  of  its  columella 
is  formed  by  a  system  of  down-curved  sub-convolute  plates  passing 
from  the  inner  margin  of  the  minute  lamella  of  the  essential  colu- 
mella ;  and  that  a  groove  was  thus  formed  round  the  inner  ends  of 
the  primary  septa  and  the  columella  by  the  curvatures  of  those 
plates,  and  that  the  minute  septa  coalesced  and  formed  a  system  of 

^  The  report  of  this  meeting  was  vngToidaUj  delay ed. 
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BS  wkidh  pawod  mwordi  and  downwaidsy  oonfovmuig  to  the 
zal  oonottvibf  of  the  top  of  the  oolamalla. 

L — Jannaiy  the  Sih,  Prof.  Yoiii^»  Pieddent,  in  ike  ohair,  th# 
retazy  read  a  letter  from  Mr.  Eobert  Graig,  of  Beith,  on  the 
cial  Drift  in  that  distriot  He  stated  that  it  oonsisted  of  two 
1 J  distingaifllied  beds,  the  lower  composed  of  dark-blue  clay,  fnll 
x>liBhed  stones  of  great  size  ;  the  upper  of  a  light  reddish  friable 
,  fall  of  small  stones,  ronnded  and  smoothed,  but  the  polish  had 
eather-wom  i^pearanoe. 

he  Bev.  Mr.  Orosskej  read  some  ''  Notes  on  the  Disoovery  of 
a  aretica  at  Stevenston,  Ayrshire."  This  shell  is  so  remarkable, 
;ooonnt  of  its  high  northern  habitat,  that  its  discovery  in  any  bed 
f  peculiar  importance.  Living,  it  dwells  only  within  the  Arotio 
Le  and  on  the  North-east  Coast  of  America.  It  was  identified  bj 
Torell  among  the  shells  found  at  Elie  by  the  Bev.  T.  Brown, 
occurs  in  the  clays  at  Errol  and  Montrose,  on  the  east  of  Scot- 
1,  but  hitherto  has  not  been  found  in  any  of  the  clay  beds  of  the 
Bt  The  specimen  exhibited  (kindly  given  to  him  by  Mr. 
istrong)  was  found  at  Stevenston,  Ayrshire,  and  is  in  a  fine  state 
preservation.  Its  ooourrence  in  the  West  proves  that  ihe 
racter  of  our  fauna  has  been  as  severely  Arctic  as  the  andent 
la  of  the  Eastern  beds.  Leda  aretica  is  the  characteristic  shell 
:he  clay  at  Mess  in  the  Christiana  fjord,  although  not  now  found 
Dg  even  in  that  locality.  It  is  also  a  characteristic  fossil  in  the 
lea va- sand  of  Canada.  The  occurrence  of  Leda  aretica  in  the  old 
rs  of  Canada,  Christiana  Qord,  Errol,  and  Stevenston,  affords  a 
lous  illustration  of  the  wide  distribution  of  very  highly  Arctic 
lusca  during  the  glacial  epoch.  Mr.  Crosskey  also  read  a  paper 
n  the  Characteristics  of  Boulder  Clay."  There  are  various 
Ider  clays,  instead  of  one  single  deposit,  which  it  is  imperatively 
essary  to  distinguish  from  each  other.  The  attention  of  geo- 
ical  students  was  called  to  the  necessity  of  discriminating  between 
different  kinds  of  materials  which  have  been  loosely  united  under 
general  name  "  boulder-clay." 

IT. — ^Thursday  evening,  16th  January,  E.  A.  Wtinch,  Esq.,  V.P., 
he  chair. 

!3dward  Hull,  Esq.,  F.K.S.,  of  the  Geological  Survey  of  Scotland, 
Lvered  a  lecture  **  On  the  physical  causes  which  seem  to  have 
ulated  the  distribution  of  the  calcareous  and  sedimentary  strata  of 
»t  Britain,  with  special  reference  to  the  carboniferous  formation." 
iVhile  admitting  that  calcareous  matter  was  sometimes  precipitated 
the  sea-bed  from  chemical  solution,  the  lecturer  maintained  that 
great  masses  of  limestone  are  the  result,  either  directly  or  indi- 
tly  (by  subsequent  triturition  and  stratification)  of  vital  agencies. 
Lie  the  sedimentary  strata  were  of  mechanical  origin.  Hence  the 
jntial  distinction  of  the  two  classes  in  their  origin.  It  was  shown 
t  the  limestones  of  geologic  periods  wfere  the  work  of  a  few 
ups  of  animals  of  an  organization  inferior  to  that  of  the  molluscs, 
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whicli  only  took  a  Beoondary  position  as  the  builders  of  thfise  rocks. 
These  animals  included  corals  {Anihozoa),  orinoids  {Eddnodennata), 
bryozoa,  sponges  (Amorphozoa),  Foramimfera,  and  amongst  these  the 
Diatamaeea  also  took  an  important  position  in  eliminating  the  sUi- 
oeoos  matter  held  in  solution ;  but  these  were  all  animals  which  re- 
quired dear  water,  free  from  sedimentaiy  matter,  in  order  to  fulfil 
ttieir  functions. 

Sedimentary  strata  on  the  other  hand,  being  the  detritus  of  land 
surfaces  carried  down  and  deposited  by  currents  over  the  floor  of  the 
sea,  could  not  co-exist  in  any  quantity  with  the  calcareous  formations, 
but  must  have  had  a  source  at  some  region  opposite  to  the  centre  of 
distribution  of  the  limestones.  Hence  the  conclusion  was  drawn — 
(1).  That  in  any  natural  group  of  rocks  the  calcareous  and  sedi- 
mentary members  must  have  had  their  sources  in  opposite  centres 
of  dispersion ;  and  (2).  That  the  maximum  development  of  these 
two  classes  of  strata  must  be  at  opposite  points  of  a  special  region. 

The  ''  passage  beds "  and  alternations  of  limestones  with  shales 
and  grits,  siinilar  to  those  of  the  lower  carboniferous  series  in  the 
north  of  England,  were  accounted  for  on  the  ground  of  the  alternate 
predominance  of  the  yital  and  mechanical  conditions  of  marine 
depositions  over  intermediate  areas  or  border  lands. 

The  tendency  of  geological  groups  to  arrange  themselves  in  a 
threefold  order — ^the  lowest  and  highest  members  being  of  sedi- 
mentary materials,  and  the  central  one  calcareous — was  then  alluded 
to ;  and  the  lecturer  proposed  a  classification  of  this  kind  for  the 
whole  of  the  geologic  series,  from  the  Lower  Silurian  to  the  Tertiary 
inclusive,  and  believing  tliis  to  be  a  truly  natural  grouping,  he 
accounted  for  it  on  the  ground  that  each  natural  group  was  composed 
of  the  representatives  of  three  periods — ^the  1st,  one  of  movement, 
accompanied  by  change  of  land  and  sea  and  mudi  denudation ;  2nd, 
a  period  of  comparative  repose,  and  a  minimum  of  denudation  ;  and, 
Srd,  of  change,  gradually  increasing  in  intensity  to  the  close  of 
the  epoch. 

The  following  is  a  brief  outline  of  the  classification  as  proposed  by 
the  lecturer : — 
Tert*  rv  {  ^*  Sedimentary — Miocene  beds. 

Period    1  ^'  ^*l<5*^^^s — ^Nummulite  Limestone. 
( 1.  Sedimentary — Lower  Eocene  beds. 

pv^fo     (  ^*  S^- — Uncertain. 

cSS'      ^'  Cal.— Chalk. 

I  1.  Sed. — Greensand  and  Gault 

(3.  Sed. — Marine  equivalents  of  the  Purbeck  and  Wealdon. 
2.  Gal. — Limestone. 
1.  Sed.— Sands. 
n     w  ^  (^'  S®^' — Calc.  Grit  and  Eimmeridge  Clay. 
nTf  2.  Cal.— CoraUine  Oolite. 

^^^'^-     ( 1.  Sed.— Calc.  Grit 
Lower  {  ^'  Sed.— Oxford  Clay. 
Jurassic  i  ^'  ^^' — ^^^^  Oolite  Limestones. 

'  (  1.  Sed. — ^Lower,  Middle,  Upper  Lias. 
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(  3.  Sed.— Red  Marl. 
Trias.       2.  CaL— Muschelkalk  (Germany). 
(  1.  Sed. — New  Ked  Sandstoiie. 

!3.  8ed. — MojIb  and  Lr.  Bunter  Sandstoae  (Suxony). 
2.  Col. — Magueeian  LimeBtoue. 
1.  Sed. — Couglomemtes,  Marie,  and  Sondstoues  (Eothe- 
todte-Uegcade) . 
Carboni-  f  3.  Sed. — Yoredale  beds.  Millstone  Grit,  Cool  MoosureB. 
ferous.     I  2.  CaL— LimestoDe. 
England.  (  1.  Sed. — Lower  Shales,  Yellow  Sandstone  (Ireland). 

i3.  Sed.       .    /Saudsttines,  /  Schists,  Sandfltonea, 

.§  (    SchiHta,  etc,  ,  (      etc. 

2.  Cal.     "a  ]  Hfraccmbe  c   I  Eifel  Limestone. 

o  j    Limestone,  etc     ^   1 
1.  Sed.      ffl  f  ScluBta,  Sand-  |  Spirifer   Sandstone 

stones,  etc.  ^      Group. 


Upper 
SUurido. 


3.  Sed.— Tilestones  and  Upper  Ludlow  beds. 
2.  CaL— Ajniestrj  and  Wenlock  series. 


( 1.  Bed.-^tia.y.  Hill  Qroap. 

For  the  purpoau  of  detemuning  the  directi(»u  in  which  the  tiro 
clttsaM  of  aedimentary  and  oahiafeoiis  strata  sngmeated  and  deoreaaed 
in  thioknew,  leading  to  a  knowledge  of  the  position  on  the  globe  of 
die  continentB  and  opes  seaa  of  former  geo1(^;ic  times,  i«o-«elrie  lines 
were  proposed.  These  lines,  drawn  over  the  areas  ooonpied  by  ttte 
fonnatiotis,  and  each  line  representing  a  certain  thickness  of  its 
special  class  (calcareous  or  sedimentary)  of  strata,  would  be  found 
to  lead  to  very  interesting  results.  Mr.  Hall  had  already  drawn 
these  lines  for  the  Carboniferous  group  of  Great  Briton,  and  they 
are  shown  in  the  map  published  by  the  Qeolt^cal  Society  of  London 
(Quart.  Joom.,  voL  xviii.,  p.  127)  ;  and  he  had  no  doubt  that  if 
eimilar  lines  were  drawn  for  all  formations  in  different  countries,  an 
amount  of  li^t  would  be  thrown  on  the  physical  condition  of  the 
respective  groups  that  would  considerably  advance  this  branch  of 
science.  "Tbie  tracing  of  those  lines  had  thrown  much  light  on  the 
physical  geology  of  the  Carboniferous  group,  showing  that  the  oal- 
careooB  member  (mountain  limestone)  attuned  its  maximum  de* 
velopment  in  central  England,  and  the  sedimentary  member  in  the 
NorUi,  leading  to  the  inference  that  an  old  North  Atlantic  continent 
was  the  original  source  of  the  sedimentary  materials. 

The  reason  of  the  comparatdre  thinness  of  the  sediqientary  strata 
of  the  Carboniferous  series  in  Scotland,  as  compared  with  Uioee  in 
North  Lancashire,  was  then  explained,  on  the  ground  of  the  shallow- 
ness of  the  sea  bed ;  the  impediment  to  the  transportation  of  materials 
presented  by  the  Highlands  (only  partially  submerged)  and  the  in- 
completeness of  the  series.  It  had  also  been  found  that  the  sedi- 
mentary beds  of  the  Triassic  group,  and  of  the  succeeding  Jurassic 
group  of  England,  swell  out  towards  the  north ;  and  the  lecturer 
expressed  his  belief  that  originally  all  the  limestones  of  this  aeries 
tailed  out  or  passed  into  sedimentary  strata  northwards,  while  the 
clays,  shales,  and  sandstones  of  the  same  group  attained  the  highest 
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development  in  the  same  direotion.  This  would  lead  to  ihe  oondn- 
sion  that  there  had,  thioughout  a  long  lapse  of  geologic  time,  been 
a  general  transportation  of  materials  soathwazd  from  old  lands  which 
once  oocnpied  the  region  of  the  North  Atlantia 


BEACHLESS  SEA-COASTS. 

DsAB  Sm, — ^Though  the  trae  form  of  the  ground  can  be  best 
judged  of  by  those  who  are  in  the  habit  of  viewing  it  frt)m  greater 
or  less  distances,  such  minute  observations  as  those  stated  by  Mr. 
Green,  in  January  last,  are  very  important.  It  is,  however,  to 
be  regretted  that  so  aocomplished  a  surveyor  should  not  be  em- 
powered, by  a  committee  of  the  British  Association,  to  examine 
those  sea-shores  where  level  beaches  are  exceptional,  and  where  the 
slope,  above  and  below  mean  water-mark,  is  characterized  by  every 
form  of  escarpmental  phenomena.  On  such  shores,  rising  and  falling 
lines  of  cliff  may  not  only  be  observed  at  certain  heights  above  the 
sea  (where,  in  some  instances,  they  might  be  called  indirect  sea- 
clififo,  being  the  effect  of  coast-slips),  but  likewise  passing  under, 
and  from  under,  the  water.  Beachless  shores  are  the  general  rule 
on  the  west  and  north  coasts  of  Ireland,  among  the  Shetland  and 
Feroe  Islcoids,  etc.  But,  though  on  a  smaller  scale,  they  are  very 
characteristic  of  the  coasts  of  Devon  and  Cornwall,  where,  in  many 
places,  the  base  of  a  line  of  cliffs  consists  of  a  succession  of  heights 
and  hollows.  The  minor  deviations  from  a  plane  presented  by  many 
upland  lines  of  cliff  may  thus  be  satisfiEUStorily  accounted  for.  To 
deny  that  the  general  inclination  of  an  escarpment  can  be  the  effect  of 
elevation  is  to  ignore  the  established  principle  that  the  rise  of  the 
land  must  be  in  excess  of  the  rise  of  the  bottom  of  the  sea.  In  bring- 
ing forward  instances  of  escarpments,  it  is  desirable  that  the  meaning 
attached  to  the  word  should  be  cleai*ly  stated.  If  an  escarpment 
runs  along  the  strike  it  must  maintain  one  level  throughout,  or  a 
succession  of  different  levels.  If  an  escarpment  follows  the  dip  of 
the  strata,  it  cannot  run  along  the  strike,  and,  unless  the  dip  of  the 
table-land  above  corresponds,  no  downwardly -operating  agent  oould 
ever  have  commenced  the  work  of  escarpment-making.  If  an  escarp- 
ment crosses  the  dip  of  the  strata  it  must  have  been  denuded  irre- 
spectively of  structure.  Wherever  the  dip  of  the  strata  (local  or 
general)  is  as  great  as  the  dip  of  the  escarpment,  it  is  certain  that 
the  former  must  have  been  unequally  upheaved  or  depressed,  or 
thrown  out  of  their  originally  horizontal  position  at  some  period,  and 
why  not  after  the  formation  of  the  escarpment,  unless  in  instances 
where  reasons  to  the  contrary  can  be  assigned  ?  These  considera- 
tions would  seem  to  be  overlooked  by  subaerialists,  who  thus  render 
themselves  liable  to  be  misunderstood. 

The  Kev.  0.  Fisher's  letter  (p.  34,  written  before  the  appear- 
ance of  my  letter  in  the  December  Number)  contains  observationB 
wonderfully  agreeing  with  the  views  I  have  been  advocating  in  your 
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pages.  Col.  Greenwood  (whose  desoription  of  the  trniiapottation  of 
flmte  by  the  sea  is  very  graphic)  has  misunderBtood  me  on  the  sub- 
ject of  reeiduftl  flints.  What  I  meant  ttob  simply  that  in  many 
chalk  diatriots  (not  arable-fields)  the  denudation  has  been  as  clean, 
and  as  irTes[)ective  of  fiiate,  as  if  the  ground  had  been  shaved  down 
with  a  gigantic  Boythe.  D.  M^gkintobh. 

POLYTELITE  IN  CORNWALL. 
SiK, — The  EiibatAnoe  of  Mr,  Davies's  letter  in  your  last  number 
does  not,  I  imagine,  require  any  reply ;  but  in  the  poBtscript  he 
mentions  that  Professor  Chiirch  had  found  7'23°||,  Silver  in  a  crystal- 
lized fragment  of  fiihlerz,  having  the  density  of  4-85,  from  which  I 
infer  that  trne  polytelite  is  found  at  that  locality.  Tliis  per  ceutags 
of  silver  in,  and  the  specific  gravity  of,  this  specimen,  might  be  ao- 
ODunted  for  by  supposing  the  silver  in  other  Btat«  of  combination,  om, 
for  esomple,  argentiferous  sulphide  of  silver  (Stromeyerite),  which 
in  fracture  closely  resembles  some  fahlcrz  ;  and  therefoi-e  it  would  ba 
interesting  to  know  from  Professor  Ohuroh  whether  the  other  con- 
stituents of  polytelite  (antimony,  for  example)  were  found,  whioh 
would  at  (ince  decide  the  question. 

Mr.  Davies  does  good  service  to  British  mineralogy  by  directing 
attention  to  any  cases  of  unrecorded  mineral  localities  ;  and  I  believe 

in  Great  V.iiin'in  iIi;im  :ir.'  at  pr.-,-Til  v(r..r,1,:.l,  At-i.-ii.-I  r>(li,Ts,  I 
may  mention  that  polytelite  from  N.  Wales,  and  Gersdorffite  from 
Ai^leshire,  are  described  in  the  second  part  of  my  "  Researches  in 
British  Mioeralc^,"  now  in  the  press,  David  Forbes. 


Snt, — My  last  letter  was  accidentally  printed  without  my  correc- 
tion, and  contains  errors,  two  of  which  are  of  some  importance. 

In  the  section,    the   sand    with    green-coated   fliute  should    be. 
"  Thanet "  instead  of  "  Thames  "  aand. 

My  views  regarding  the  age  of  the  "  Trwl "  are  singularly  mia- 
-esented,  where  I  am  made  to  say  it  is  of  "  our  "  age.     I  WTot« 
.e  "  age ;  which  I  believe  to  have  been  upwards  of  110,000  yean 
ago,  as  I  have  shown  in  the  fourth  volume  of  your  Magazine,  p.  197, 

HaBLTOH,   CaKSBIDOB.  0.    FiBHKB. 

THE  OUSE  TALLET,  THE  THAMES  VALLEY,  iro.,  nc. 
Sib, — I  find  that  at  pages  SS-57  of  the  memoir  for  sheet  46, 
reference  is  made  to  the  Glacial  clay,  but  so  slightly  that  it  escaped 
me.  Moreover  the  Glacial  clay  tract  north  of  Buckingham,  partly 
traversed  by  the  section  in  my  last  letter,  is  alluded  to  (p.  57)  aa  that 
of  the  "  Osford  or  Eimmeridge,  as  the  case  may  be  " ;  but  as  neither  of 
those  clays  are  shown  in  this  part  of  the  map,  some  slip  of  the  pen 
may  have  occurred.  Therefore,  to  this  extent,  1  must  qualify  the 
remark  in  my  letter  and  tender  Mr.  Green  my   apology  for  it. 
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The  aoouracy  and  bearing  of  our  lespeotive  BectionB  I  leave  to  the 
judgment  of  others. 

From  Mr.  Oreen's  view,  that  the  Glacnal  and  Post-glacial  beds 
cannot  be  represented  on  the  inch  scale  without  detriment  to  the 
delineation  of  the  older  geology,  I  strongly  dissent,  so  far  as  concerns 
the  secondary  and  tertiary  area,  south  of  Flamborough  Head ;  and 
I  have  done  my  best,  in  sheets  1  and  2,  to  show  that  all  beds 
may  be  represented  together  without  detiiment  to  any;  and  I 
contend  that  it  is  beyond  human  ability  to  represent,  wiUi  any 
approach  to  accuracy,  the  geological  features  of  such  part  of  that 
area  as  is  occupied  by  the  Glacial  beds  in  force,  except  those  beds 
be  mapped  in  with  ^e  older  formations.  North  of  Flamborough 
Head  it  is  otherwise.  I  have  examined  railways  in  course  of 
formation  in  Northamptonshire  and  Huntingdonshire,  through 
districts  in  which  the  hills  and  valleys  appear  &om  the  survey 
maps  to  be  cut  out  of  the  secondaries,  and  in  one  instance  out  of 
a  succession  of  secondary  strata;  but  the  cuttings  have  disclosed  that 
the  hills  traversed  by  ihem  are  wholly  formed  of  the  Glacial  beds, 
nothing  of  the  map  delineation  being  visible. 

Mr.  Fisher  has  correctly  represented  my  views  as  to  the  cappings 
termed  Trail;   and  I  quite  agree  with  him  that  the  Clacton  and 
Grays  deposits  are  of  similar  age,  having  so  expressed  myself  at 
page  850  of  your  third  volume.    The  other  points  in  his  letter 
would  take  up  too  much  of  your  space  to  discuss ;  but,  if  the  in- 
formation he  obtained  from  the  Witham  boring  be  truly  reliable, 
it  seems  to  point  to  a  great  local  disturbance  and  denudation  of  the 
four  or  five  miles  from  Eelvedon  to  Witham,  either  between  the 
Middle  and  Upper  Glacial  formations,  or  during  the  earlier  part  of 
the  Upper;  and  I  suspect  that  in  such  case  my  sections.  No.  9  of 
page  348  of  your  third  volume,  and  Na  9  of  page  402  of  the  twenty- 
third  volume  of  the  Quart  Joum.  of  the  Greol.  Soc.;  may  prove  to 
contain  an  error  in  so  far  as  they  show  the  Middle  Glacial  dipping 
with  a  fold  under  the  Upper,  where  they  cross  the  Blackwater. 
There  is,  I  think,  evidence,  from  clear  sections,  of  such  an  inter- 
mediate disturbance  and  denudation  near  Ipswich,  the  effect  of 
which  has  been  to  bring  the  Glacial  clay  into  the  bottom  of  the 
Gipping  valley  for  three  or  four  miles  without  any  Middle  Glacial 
under  it ;  while  the  Middle  and  Upper  Glacial  beds  form  the  whole 
country  around,  the  valleys  being  entirely  cut  out  of  them.     The 
Gipping  vaUey,  except  where  this  anomalous  structure  occurs,  forms 
no  exception  to  the  general  features  presented  by  these  valleys,  and 
the  case  of  the  Blackwater  seems  much  the  same.     I  am  very  glad, 
although  I  dissent  from  the  gravels  over  the  Hampshire  Tertiaries 
being  the  equivalent  of  the  Glacial  clay.,  to  see  Mr.  Fisher  disposed 
to  regard  the  Glacial  sea  as  having  extended  over  the  South  of 
Englfoid  prior  to  the  great  upheavals  and  denudation  of  that  part, 
and  to  connect  the  dislocations  in  the  Thames  valley  with  those 
movements ;  these  being  the  most  important  links  in  the  chain  of 
events  whidi  I  contend  have  followed  the  Glacial  period. 

S.  v.  Wood,  Juh. 


Correspondimcc — Mr,  George  Maw, 


SlB, 


GRAVITATION,   COMPRESSION.  AND    SLATY  CLEAVAGE. 

Dr.   Steiry  Hunt,   in  hia  paper  in  the  February  Number 


of  the  Magazine,  referring  to  the  alleged  condensing  power  of  the 
superincniubent  mass  on  the  central  parts  of  the  earth,  remarkg: 
"  The  condoneing  effect  of  pressure  was  by  Dr.  Young  estimated  to 
be  sufBcient  to  rednce  a  mass  of  granite  at  the  earth's  centre  to  the 
eighth  of  its  bulk  at  the  surface,  which  would  give  the  earth  a  mean 
density  equal  to  twelve  or  thirteen  times  that  of  wat*!r :  this  con- 
sideration has  led  a  recent  writer  in  the  London  Aihawsum  to 
eonclnde  with  Herbert  Spenocr  that  our  earth  and  the  other  planets 
may  be  only  shells  of  varying  thickness,  enclosing  a  central  cavity 
filled  with  vaporous  matter,  by  which  hypothesis  we  may  explain 
their  comparatively  feeble  densities."  Mr.  David  Forbe-s  has  also 
noticed  that  the  average  density  of  the  earth  falls  short  of  what  it 
would  be,  supposing  it  grew  denser  in  descending,  in  proportion  to 
the  BUperincnmbent  pressure;  and  ''That  experimental  research 
tends  to  show  that  a  limit  is  soon  reached  beyond  which  the  com- 
pression or  increase  of  density  becomes  less  and  less  in  proportion 
to  the  force  employed." 

Do  not  the  estimatoa  of  hypothetical  increased  central  density  fail 
to  consider  the  influence  whirfi  the  spherical  form  of  the  earth  would 
haTo  in  counteracting  accumulating  pressure,  and  diverting  the  force 
of  ^rr'^vit.nTii-iri  to  .1  .liroctiuii  parallel  with  the  circumference? 

The  case  seems  Btrictly  ana- 
logous to  that  of  an  aii^h,  in 
which  the  resulting  force  of  gra- 
vitation is  diverted  along  the  atx:h 
to  the  abutmenta.  If  the  earth 
is  hypothetically  assumed  to  be 
made  np  of  a  series  of  concentno 
hollow  spheres  (see  Woodcut) 
A,  B,  C,  D,  it  will  be  at  once 
evident  that  each  of  such  spheres 
wonld  be  self-supporting,  just  as 
in  the  case  of  a  bridge,  the  addi- 
tion of  each  successive  course  of 
brickwork  composing  the  arch 
adda  no  pressure  to,  but  rather 
increases,  the  resisting  power  of 

the  single  course  first  laid ;  the  

direction  of  the  resistance  of  the  gravitation  of  the  raaes  being 
accumulated  on  the  spring  of  the  arch.  Again,  if  we  go  on  filling 
up  this  arch  internally  with  successive  courses  of  brickwork,  we  do 
not  interfere  with  the  stability  of  the  external  arch,  neither  is  the 
wreight  of  the  first  structure  borne  by  the  inner  courses ;  in  fact 
every  zone  of  the  arch  or  sphere  is  individually  self-supporting. 
The  vertical  pressure  of  gravitation,  which  in  successtve  superimposed 
layers  of  a  plane  would  accumulate,  is  vertically  neutralized  in  a 
sphere,  and  instead  of  getting  the  sum  of  the  weight  of  the  con- 
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oentrio  layers,  the  independent  pressare  of  each  guoceasive  course 
is  diverted  in  a  line  pi^allel  with  the  circumference.  To  carry  ont 
the  analogy  we  have  merely  to  suppose  two  snch  semicircular  arches, 
E  F  E  and  E  D  E,  placed  base  to  base  in  contact ;  the  balance  of 
resistance  is  completed,  and  we  get  a  perfect  epitome  of  the 
equilibrium  of  gravitation  in  the  crust  of  &e  earth.  Will  not  this 
satisfactorily  explain  the  point  noticed  by  Mr.  Forbes,  that  the  actual 
density  of  the  earth  falls  short  of  its  calculated  density,  on  the 
estimate  of  the  aecumvilation  of  superincumbent  pressure  ?  and  will 
not  the  lateral  pressure,  analogous  to  that  existing  between  the 
Toussoirs  of  an  arch,  account  for  the  horizontal  force  which  seems 
to  have  operated  in  the  production  of  Slaty  Cleavage  ? 

Gkobgk  Maw. 

Bbnthall  Hall,  Brosblbt, 

Feb.  lOth,  1868.       

I.—THE  GRAPTOLITES  OP  THB  SKIDDAW  SERIES,  ETC. 
II.— ON  THE  CLASSIFICATION  OF  GRAPTOLITES. 

Sm, — 1.  In  the  Gicologioal  Magazine  for  January  (p.  32),  an 
abstract  is  given  of  my  paper  on  the  Graptolites  of  the  Skiddaw 
Series,  read  before  the  Geological  Society,  December  4th,  1867. 

As  the  generic  characters  of  Dichograpsua  are  therein  mis-stated, 
1  should  be  glad  if  you  will  allow  me  to  correct  the  error,*  since  I 
observe  that  it  has  been  reproduced  in  a  recent  paper  on  Graptolites. 

The  presence  of  a  corneous  cup  does  not  form  a  character  of  the 
genus  Dichograpsus,  since  it  is  present  in  some  species  of  the  genus, 
and  is  uniformly  absent  in  others.  It  likewise  occurs  in  some 
Tetragrapsi,  whilst  it  is  never  found  in  others,  as  T,  hryonoideSt  'Hall, 
and  T.  quadri-hraehiatuaf  Hall.  Lastly,  it  is  occasionally  found  in 
some  Diphgrapsi,  as  D.  bicomis,  Hall.  As  the  remainder  of  the 
definition  of  the  genus  is  also  incorrectly  stated,  I  may  be  permitted 
to  add  that  Dichograpsm  is  sufficiently  defined  by  ''the  possession 
of  a  frond  composed  of  a  variable  number  (always  more  than  four) 
of  simple  stipes,  arising  from  a  central  non-celluliferous  stem  or 
funicle.  The  stipes  are  monoprionidian,  and  are  given  off  from  the 
funicle  in  a  radiating  manner." 

n. — As  a  recent  paper  of  mine  on  Graptolites  (Ann.  and  Mag. 
Nat.  Hist.  Jan.  1868)  has  formed  the  subject  of  a  somewhat  lengthy 
criticism  by  Mr.  W.  Carruthers,  in  the  Geological  Maqazins  for 
February,  (p.  6-k),  I  trust  you  will  afford  me  space  for  a  reply.  For  the 
sake  of  brevity  as  well  as  clearness,  I  will  notice  such  points  as  I 
may  think  necessary,  in  the  order  in  which  they  occur  in  Mr. 
Carruthers*  paper,  premising  that  I  have  no  intention  of  criticising, 
and  shall  simply  touch  upon  such  points  as  concern  me  personally. 

1.  Mr.  Carruthers  finds  fault  with  me  for  "summarily"  dis- 
missing the  Polyzoa,  and  for  asserting  that  they  "  have,  as  a  rule,  a 
more  or  less  calcareous  test,  and  the  individuals  forming  the  compound 
organism  are  not  united  by  any  organized  connecting  substance.*' 

^  The  abstract  here  referred  to,  is  furnished  by  the  Assistant  Secretary  of  the 
Qeological  Society,  and  is  merely  reproduced  in  the  Qbological  M  aoazixs. — EitnT. 


Correspondence — Dr.  Mcholson.  151 

In  aoBwcT  I  have  simply  to  atate,  tLat  my  paper  was  intended  to  ba 
mmplj  an  abstract,  and  "  summary  "  of  a  more  Jetniled  ono,  which  1 
trust  may  one  day  see  the  light,  and  that  it  was,  therefore,  impossible 
for  me  to  enter  into  minntiie.  Secondly,  though  perfectly  aware  of 
Que  existence  of  free  and  corneous  Polyzoa  (the  Ctonostomata  of 
Buak).  the  above  statement  nevertheless  remains  true  of  the 
Polyzoa,  "  a»  a  rule,"  and  I  see  no  reason  for  altering  it. 

2.  Mr.  Camithets  chaises  me  with  adopting  a  statement  of  Hall's, 
ma  to  the  free  mode  of  existence  of  Graptolites,  without  acknow- 
l^emenl.  To  this  it  is  quite  enough  to  reply,  that  the  statement  in 
question  was  not  made  as  an  original  obeerviition  on  my  part,  and 
that  it  is  impossible  in  a  general  paper  hi  quote  references  for  all 
the  facts  which  have  been  previously  noticed.  As  to  my  miking  a 
"  practice  "  of  so  doing,  no  denial  on  my  part  can  be  needed.  lily 
published  papers  on  the  subject  bear  ample  witness  how  much  I  am 
indebted  for  real  solid  information  to  the  writings  of  Hall,  Salter, 
Barkness,  Banande,  and  Geinitz.  The  changes  in  my  views,  to 
which  Mr.  Carruthers  refei's,  have  been  the  result  of  the  progress  of 
my  own  researches,  and  I  could  not,  with  honesty,  attribute  them  to 
any  "  oorreotions  "  from  Mr.  Carruthera. 

3.  As  for  my  use  of  the  word  "gonophora,"  instwid  of  "gono- 
thecu,"  to  signify  the  external  bell-shaped  ovarian  capsule  of  the 
SertularidiB,  it  will  suffice  to  make  llie  foliowiii);  qiinlatiim  from 
Prof.  Greene,  whom,  1  siipj.oM-,  Mr.  ("'irnuiier.,  xviil  i.ll.nv  U>  It  some- 
what of  an  authority  upon  the  Hydrozoa.  "In  the  Sertularidee  .... 
the  repToducUve  bodies  appear  externally  as  distinct  buds  or  sace, 
for  which  Prof.  AHim*'-"  has  proposed  the  name  of  '  gonophoree ' " 
(see  Coelenterata,  p.  40).  This  is  but  one  of  many  similar  statements 
in  the  same  work,  but  it  will,  I  imagine,  be  sufficient  to  justify  my 
employment  of  the  term. 

4.  With  relation  to  the  genus  Pleurograpsus,  the  facts  of  the  case 
ftre  simply  these.  In  185^  Oeinitz  proposed  the  name  Cladograpsue 
to  include  certain  Graptolites  (species  Gemellce,  Bronu.),  comprising 
Diplograpsus  ramosus.  Hall,  and  several  species  of  Didymograpaus. 
In  1859,  seven  years  at^rwards,  Mr.  Can-uthers  applied  the  same 
name  to  a  very  peculiar  branching  Graptolite  from.  Dumfriesafaiifi, 
without  giving  any  generic  characters  of  any  kind,  an  omission  whicb 
he  failed  subsequently  to  rectify.  The  same  Graptolite  was  described 
by  me  in  March,  1867,  iu  a  paper  read  before  the  Geological  Society  of 
Edinburgh,  in  which  I  described  it  aa  the  type  of  a  new  genoA, 
giving  a  full  diagnosis,  and  terming  it  Pleurograpsus.  (See  also 
Gkol.  Mao.  Vol.  IV.  No.  6,  June,  1867.)  In  June  of  the  same  year, 
Mr.  Carruthera  ro-described  the  species  as  a  Cladograpsus,  this  time 
assigning  characters  to  it  as  a  new  genus.  As,  however,  these 
characters  are  totally  different  from  those  of  the  original  genus  of 
Geinitz,  and  as  I  was  the  first  to  give  any  generic  description,  the 
name  Pleurograpsus  must  obviously  be  retained. 

Finally,  to  the  personalities  with  which  Mr.  Carruthers  has  seen 
fit  to  adorn  hts  paper  I  shall  return  no  reply,  considering  them 
Duworthy  of  any  genuine  scientific  controversy.    I  shall  content 
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myself  with  quoting  the  following  passage,  from  a  letter  by  Mr.  D. 
Forbes  in  the  last  number  of  your  Magazine^  the  sentiments  of  which 
I  heartily  endorse. 

*'  No  man  in  Europe  can  expect  to  retain  any  portion  of  the  field  of  adence  excln- 
dvely  for  himself,  or  to  travel  alone  on  any  of  tne  many  different  roads  which  lead 
to  one  and  the  same  scientific  tratb.  If  real  progress  is  to  be  made  in  science,  the 
stndent  must  reason  for  himself,  and  not  be  content  with  accepting,  merely  on  authority, 
opinions  which  are  inconsistent  with  his  own  deductions  and  experiments;  nor 
should  he  be  deterred  by  the  opj^osition  to  be  expected  firom  those  already  in  office 
or  authority,  who  are  sure  to  be  jealous  of  intruders  on  what  they  imagine  to  be  tbeir 
own  domain,  and,  doubtless,  dislike  haying  their  peace  of  mind  disturbed  by  innorations.*' 

Henby  Allktne  Nicholson. 

QvBBM  Street,  Eeiohlet,  February  10/A,  1868. 


GEOLOGICAL  SURVEY  OF  BOHEMIA. 

Sm, — I  send  you  a  short  extract  from  the  Beport  of  our  Geologi- 
cal Surveyors  in  Bohemia.  A  reference  to  the  map  shows  that  these 
lahours  have  been  very  little  disturbed  by  the  late  war. 

The  Orographical  section  (Prof.  Koristka)  completed,  in  the  year 
1865-6,  6,000  trigonometriciBd  measures  over  a  surface  of  123 
German  square  miles. 

The  Geological  section  (Prof.  Krejci)  have  continued  the  exami- 
nation of  the  Chalk  formation,  which  will  be  very  valuable  when 
the  large  collection  of  fossils  made  by  me  shall  be  determined. 

During  the  past  three  years  I  have  placed  3,536  chalk  fossils 
from  65  different  localities  in  the  Museum.  One  locality  alone, 
called  Korycan,  has'  supplied  70  species. 

The  most  important  discoveries  cousist  in  (1)  the  finding  of  fresh- 
water shells  in  the  Upper  Greensand,  and  (2)  of  a  large  deposit  of 
Badiolites,  near  the  city  of  Kuttenberg,  where  a  celebrated  Grothic 
Church  is  entirely  built  of  these  curious  shells. 

In  1867,  1,500  chalk  fossils  have  been  added  to  the  Museum  from 
17  localities. 

A  new  locality  for  Eozo6n  has  been  met  with  in  the  Gneiss,  near 
Skuc,  in  S.E.  Bohemia. 

And,  lastly,  we  have  discovered  reindeers'  horns  in  the  diluvial 
Loess,  near  Prague.  Med.  Db.  Anton  Fritsch. 

BoTAL  Bohemian  Museum,  Pbaoub,  26t1i  Dec.,  1867. 


AWABD   OF   THE  WOLLASTON  GOLD   MeDAL   AND   DoNATION-FUND. — 

At  the  Anniversary  meeting  of  the  Geological  Society  held  Feb.  21, 
1868,  the  President  announced  the  Award  of  the  Wollaston  Gold 
Medal  to  Dr.  Cabl  Friedrich  Naumann,  Foreign  Member  of  the 
Geological  Society,  Professor  of  Geology  and  Mineralogy  in  the 
University  of  Leipzig,  etc.,  in  recognition  of  his  labours,  extend- 
ing over  nearly  half  a  century,  in  the  departments  of  Geology, 
Mineralogy,  Crystallography,  etc.  The  President  also  stated  taat 
the  Balance  of  the  Proceeds  of  the  Wollaston  Donation-fund  had 
been  awarded  to  Mons.  J.  Bosquet,  of  Maestricht,  in  aid  of  the 
valuable  researches  on  the  Tertiary  and  Cretaceous  Mollusca,  Ento- 
moetraca,  and  other  fossils,  of  Holland  and  Belgium,  on  which  he  aah 
been  bo  long  and  suooessfully  engaged. 


L.».  _   .    <«  . 
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I. — British  Fossil  Pandaneje. 

By  Wm.  Ca&buthbbs,  F.L.S.,  F.6.S.,  Botanical  Department,  British  Museum. 

(PLATE  IX.) 

nnHEEE  is  room  for  considerable  difference  of  opinion  as  to  the  limit 
JL  of  the  order  Pandanea  or  "  Screw-pines."  However  extended  it 
is  made  there  can  be  no  doubt  that  Nipa  has  closer  affinities  with  the 
palms  than  with  the  screw-pines.  I  shall  therefore  exclude  the 
remarkable  fruits  from  the  Lower  Eocene  of  Sheppy  to  which 
Brongniart  applied  the  name  Pandanocarpum,  altered  afterwards  by 
Bowerbank  in  accordance  with  the  more  precise  determination  of 
the  affinities  of  the  fruits  to  Nipadites,  a  change  in  which  Brongniart 
acquiesced. 

More  nearly  allied  to  Pandaneee  are  the  Cyclanthea  with  their 
scaly'  flowers,  polyspermous,  many-celled  fruits,  and  fan-shaped 
leaves,  and  the  Freycinetiece  agreeing  with  Cyclanthea  in  the  struc- 
ture of  their  fruit,  but  with  Pandanea  proper  in  their  flowers  and 
foliage.  Whether  these  three  closely  allied  groups  form  only  a 
single  natural  order  is  not  of  much  importance  in  connection  with 
an  enquiry  into  the  fossil  Pandanea  of  the  British  rocks,  inasmuch 
as  these  all,  as  far  as  known,  belong  to  the  restricted  group  Pan- 
danea,  represented  by  the  genus  Pandanua  of  the  younger  Linnasus, 
now  split  up  by  Gaudichaud,  De  Vriese,  and  Hasskarl,  into  several 
divisions  considered  by  them  of  generic  value. 

The  recent  PandanecBj  thus  restricted,  are  arborescent  plants,  the 
stem  generally  branching  dichotomously  and  sending  down  aerial 
roots,  with  long,  linear-lanceolate  leaves,  their  margins  almost 
always  spiny,  and  their  bases  amplexicaul,  leaving  after  decay 
anntdar  scars,  which  have  suggested  the  name  screw-pine,  the  latter 
half  of  the  term  referring  to  the  external  resemblance  of  the  plants 
to  Bromeliacea  or  pine-apples.  The  flowers  are  dioecious  and  naked, 
and  the  fruits  are  composed  of  numerous  one-celled  and  one-seeded 
fibrous  drupes  congregated  singly  or  in  compact  parcels  into  large 
spheroidal  or  oblong  heads.  The  plants  of  this  group  live  in  the 
marshy  forests  of  the  moist  tropical  and  sub-tropical  regions  of  the  old 
world,  their  head-quarters  being  in  the  Malayan  Archipelago,  and  in 
Madagascar ;  some  extend  as  far  north  as  Japan  and  the  Himalayas. 

Specimens   of  foliage  referred  by  Ettingshausen  to  Ibis  ox^et, 
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although  desoribed  originally  by  him  under  the  name  PaUsdbromeUa 
have  been  found  in  the  Tertiary  deposits  of  Austria  (Sitzungsber. 
d.  Math.-Nat  classe  der  E.  Akad.  der  Wissen.  Yiennia,  yoL  viii. 
p.  492).  He  considers  that  he  has  fragments  lepresdiitiiig  &Ye 
species,  which  he  refers  to  the  genus  Pandcmus, 

In  England  the  discovery  of  fruits  has  supplied  more  satisfiictory 
evidence  of  the  formctr  existence  of  the  PaMdainem}  The  first  known 
specimens  of  a  Pandanaceous  fruit  were  figured  and  deecribed  by 
Prof.  Lindley  in  the  second  volume  of  his  Fossil  Flora  (1835),  plate 
129,  under  the  name  of  Btrobilites  Bucklaudi,  Lindley,  with  great 
success,  educes  from  his  imperfect  materials  chanusters  which  would 
have  led  him  to  place  the  fossils  in  PcokdaaMa,  had  he  been  obliged 
to  give  them  a  positive  position,  but  he  preferred  referring  them  to 
the  provisional  genus  StrobUitea,  until  additional  specimens  should 
supply  the  materials  for  a  m(M*e  satisfactory  determination.  Lindley 
mentions  neither  the  locality  nor  the  age  of  these  fossila,  but  only 
that  they  belonged  to  Miss  Bennet,  whose  coUections,  I  b^eve, 
are  now  in  America.  Professor  Morris,  in  his  Catalogue  of  British 
Fossils,  says  they  were  found  in  the  Upper  Greensand  of  Wiltdure. 

In  1836  Buckland  figured  and  described  a  fruit  to  whidi,  at  R. 
Brown's  suggestion,  he  gave  the  name  Podoearya.  The  fossil  was 
found  in  the  inferior  Oolite,  at  Charmouth,  Dorsetshire.  It  is  the 
size  of  a  large  orange,  ^and  composed  of  an  indefinite  number  of  oells, 
eaoh  containing,  near  the  surface,  a  single  longish  seed,  about  the 
size  of  a  grain  of  rice.  The  cells  were  separated  from  the  spadix  by 
long  fibrous  footstalks,  and  were  surmounted  by  hexagonal  tubercles, 
in  the  centre  of  which  could  be  seen  the  remains  of  a  stigma.  It  is 
to  be  regretted  that  Brown  did  not  communicate  to  Buckland  a 
written  description  of  this  hitherto  unique  fossil  fruit,  for  a  loose- 
ness of  language  and  defects  in  knowledge  are  to  be  found  in  the 
account  of  the  fossil  which  cannot  be  charged  to  him.  It  is  said  that 
"  the  collection  of  the  seeds  into  drupes,  surrounded  by  a  hard  nut,  in 
the  fruit  of  PandanuB,  forms  the  essential  difference  between  this 
genus  and  Fodocarya"  But  the  fruits  of  a  large  number  of  species 
of  Pandanus  consist  of  separate  one-seeded  drupes,  and  if  each  seed 
in  Fodocarya  be  considered  as  contained  in  a  distinct  drupe,  there  is 
no  essential  difference  between  these  species  and  the  fossil.  I  am  in- 
clined, however,  to  consider  it  rather  as  a  more  complete  condition 
of  the  union  of  the  ovaries  into  groups  than  any  form  among  recent 
fruits — a  condition  in  which  all  the  drupes  were  as  thoroughly 
united  as  they  are  in  each  of  the  phalanges  of  the  fruit  of  Eydowda 
macrocarpa,  Gaud.  In  the  species  with  such  compound  fruits,  the 
fibrous  pedicles  are  much  longer  than  in  the  other  species^  forming 
another  point  of  correspondence  with  the  fossil. 

^  The  external  markings  of  the  stems  found  hy  Mr.  W.  H.  Bemtad  in  tke 
Iguanodon  quarry,  and  named  by  Konig  Drae^na  itnttidu,  are  more  like  thoae  «f 
a  Patidantu  than  a  J)raeana,  but  the  remains  of  wood  in  the  interior  of  t^Bse  atSBH 
suggest  doubts  as  to  whether  they  belong  to  either  the  one  or  the  other.  I  hap»M 
obtain  a  seciion  of  one  of  the  stems  and  to  examine  the  minute  itructore  of  the  wpod, 
aad  I  may  then  be  able  to  determine,  with  more  certainty,  their  syitematie  potitiiMi. 
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nk  jingAr  ftnifc  fau  been  lost  BnoUaiid  aaye  it  wis  in  1836 
in  ilie  Osfiifd  Mufleam.  bot  ProfeaecHr  FliilippB  bee  never  seen  it 
Hi  xft-dEeooTW/  would  be  a  xeal  benefit  to  science. 

Throi^  the  kindness  of  8.  Sbarp,  Esq.,  F.G£.,  I  have  been 
sMa  to  emawiine  a  vemsrkaUy  perfect  specimen  of  a  fhdt  belonging 
to  the  same  genns  as  those  desoribed  by  Lindle j,  and  supplying  the 
material  whidh  he  desiderated  in  order  to  ze&r  his  foanls  to  their 
positiye  position.  This  spedm^i  was  found  in  Hie  Moulton  Park 
QHnries,  at  Kingsthorpe,  near  Northampton,  in  the  White  Limestone 
of  tiie  Great  Oolite.  It  was  {nesented  by  A.  Ifarkham,  Esq.,  to  the 
Hovthampton  Museum,  where  it  is  now  deposited.  The  matrix  in 
wlndL  it  is  preserved  is  an  amorphous  cream-coloured  limestone 
which  has  abounded  in  moUososn  remaios,  but  the  shells  have  been 
lemoved,  and  the  spaces  they  occupied,  as  well  as  the  other  larger 
cavities  in  the  rock,  are  Uned  wither  entirriy  filled  up  by  ciystallized 
esksite.  The  ftuit  also  is  only  a  cast,  in  the  same  material,  of  the 
cavity  which  originally  contained  it  The  fine  white  mud  had  in- 
sinuiSied  itself  into  eveiy  crack  and  opening  of  the  fruity  and  filled 
the  decayed  interior  of  the  upper  portion  of  the  drupes.  The  walls 
of  the  seed  osavily  and  the  seeds  themselves,  as  well  as  the  outer 
membrane  of  the  drupes,  resisted  decay  until  the  matrix  was  some- 
what compacted*  These  hard  portions  at  length  decayed,  but  the 
insoluble  carbon  remained  as  a  black  amorphous  substonce,  giving 
an  ext^nal  coloured  coating  to  the  crystallized  carbonate  of  lime, 
which  in  the  end  filled  the  cavity,  preserving  in  the  most  perfect 
manner  the  form  of  the  fruit,  and  even  some  of  the  minute  details 
as  to  the  relation  of  the  different  parts.  The  hanuner  of  the  quarry- 
man  that  accidentally  laid  open  the  fruit  has  fractured  it  throi^  l£e 
middle  of  the  cells,  the  portion  broken  off  containing  the  upper  por- 
tions of  the  cells  and  the  apices  of  the  drupes  buried  in  the  rock. 

The  fruit  consists  of  a  thick  roadix, — ^not  so  thick,  however,  in 
proportion  to  the  drupes  as  in  JBryanUa  butyrophora,  Webb.  The 
drupes  leave  the  spadix  at  a  right  angle  about  one-third  from  the 
apex,  those  above  have  an  ascending  and  those  below  a  descending 
direction,  increasing  as  it  reaches  the  fruit  stalk,  which  is  seen  in 
the  fossil,  and  shown  in  the  drawing.  This  arrangement  is  precisely 
that  of  Sussea  conaidea,  Grand.*  (PL  IX.  Fig.  7).  The  drupes  are 
rhomboidal  at  the  base,  spreading  out  laterally  towards  the  apex, 
where  their  form  is  a  broad  compressed  rhomb  (Fig.  4)  two  or  three 
times  longer  than  it  is  broad.  The  cell, containing  the  seed  is  near 
Ihe  base  of  the  fruit  (Fig.  3)  leaving  only  a  short  pedicle  or  being 
really  sessile,  as  in  the  recent  species  with  single-seeded  drupes 
(Fig.  7).  Each  drupe  contains  a  single  seed;  and  although,  as  I 
have  said,  the  whole  structure  is  replaced  .by  calcite,  yet  the  details 
are  so  beautifully  shown  that  the  connection  of  the  seed  by  an  in- 
ternal unilateral  placenta  adnate  to  the  whole  length  of  the  cell  is  in 
many  cases  obvious  (Fig.  6).  The  seed  is  ovoid  and  compressed 
(Figs.  5  and  6),  and  the  cicatrix  at  its  base,  by  which  it  was  attached 
to  &e  placentl^  can  be  detected. 

The  comparison  of  the  drawings  of  Sus$ea  conoidea,  Qaud.,  taken 
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from  Oaudichaud's  Voyage  sur  la  Bonite,  plate  24,  given  on  Plate 
IX.  Figs.  7-11,  with  the  figures  of  the  fossil  and  the  deecription  I 
have  given,  must  place  it  beyond  doubt  that  this  is  a.  true  Pandana- 
ceous  fruit  I  propose  to  designate  the'  genus  by  the  name  of 
Kaidacarpum,  Kaida  being  the  alabar  name  whidi  Bheede  em- 
ployed in  his  Hortus  Malabaricus,  from  which  book  the  younger 
LinnsBus  chiefly  obtained  the  materials  for  his  genus,  although  he 
adopted  the  later  name,  PandanuSj  from  Rumphius. 

Besides  the  species  which  I  have  described,  I  have  seen  another 
in  the  Woodwardian  Museign,  Cambridge,  from  the  Potton  Sands, 
which,  from  its  imperfect  condition,'  it  would  have  been  impossible 
to  have  made  anything  of,  but.  there  is  suffiisient  to  eBtablish  that 
it  belongs  to  this  genus,  and  is  a  distinct  species. 

SYNOPSIS  OF  THE  BRITISH  PANOANES.   • 

^  6bn.  I.~KAmAOARPUK,  gen.  nor.  Fruit  composed  of  jpyramidal  riiomboidal 
siiufle-seeded  drupes,  sessile,  or  sub-sessile  on  a  thickened  spadix. 

Sp.  I.  K,  oolitieuniy  sp.  nor.  From  the  Great  Oolite  mt  Kingsthoipe.  Plate  IX. 
Pigs.  1—6. 

Sp.  2.  K,  Bueklandi,  Carr.  Strobilita  BuekktntU,  lindL  and  Hutt.  Fossil 
Flora,  Plate  129.     From  the  Upper  Greensand,  Wiltshire. 

Sp.  3.    K,  minutf  sp.  nov.     From  the  Potto^  Sands,  Cambridgeshire. 

Gbk.  II.  ^ODOOARTA,  Buckl.  Fruit  composed  of  an  indefinite  number  of  single- 
seeded  cells  united  into  one  large  compact  spheroidal  head,  and  attached  to  the 
spadix  by  long  fibrous  pedicles. 

Sp.  1.  Podocarya  JBucklandi,  Ung.,  Gen.  ct  Species  Plant.  Fonillium,  p.  327. 
Buckland,  Geology  and  Mineralogy,  PI.  63.  From  the  Inferior  Oolite  of  Char- 
mouth,  Dorsetshire. 

EXPLANATION  OF  PLATE  IX. 

Fig.  1.  Kaidacarpum  oolitieum.  Nat.  size,  showing  the  bases  of  the  cells  from  which 
the  seeds  hayc  fallen  out.  The  upper  portions  of  the  drupes  are  seen  imbedded  in  the 
rock  around  the  fruit. — Fig.  2.  A  portion  from  the  side  of  the  fruit,  showing  the  rela- 
tion of  the  seeds  to  the  drupe. — Fig.  3.  Ideal  section  of  a  drupe  and  seed. — Fig.  4. 
The  form  of  the  apex  of  a  single  drupe. — Fig.  5.  Front  view  of  feed. — Fig.  6.  Side 
view,  showing  where  the  placenta  touched  the  seed.  Fig.  7.  Susma  eonoidea,  Gaud. 
Half  of  a  fruit. — Fig.  8.  Longitudinal  section  of  a  single  drupe. — Fig.  9.  l^ransTerse 
section  of  ditto. — Fig.  10.  Seed,  front  view. — Fig.  11.  Ditto,  side  Tiew. 


II. — On  Banded  and  Bsegoiat£D  Concretions. 
By  John  Buskin,  Esq.,  F.G.S. 

(Continued  fbok  thb  Janu^&t  Numbbb,  p.'  18). 

(PLATE  X.) 

I  PROPOSE  now  to  pursue  my  subject  by  describing  in  aome  detail 
a  series  of  typical  examples  of  the  principal  groups  of  agatescent 
minerals ;  noting,  as  we  f)roceed,  the  circumstancos  in  earn  which 
appear  to  afford  proper  ground  for  future  general  dassification. 

The  upper  figtire  in  Plate  X.  represents,  of  its  real  size,  the  surface 
of  a  pieoe  of  jasperine  agate  in  my  own  collection,  belonging  to  the 
same  general  group  as  the  specimen,  a,  h,  d,  5,  in  the  Briti£  Museum. 
This  group  consists,  broadly,  of  irregular  concretions  of  jasper  affected 
by  faults  caused  by  contraction,  having  their  interstioes  filled  with 


SfX'TlON  AND  MAP  Ol' A  CONCRilTF.  W-NVt. 


Suiiin    On  JSgmdei  and  BreeekOed  C(maretiim»k       157 

AMloedaajf  and  llie  whcHe  endcMed  by  •  qnartaoae  aystallme  mantiJA 
or  cmsti 

Hie  Biitiflh  Miueaiii  ipecuneii  (m,  i,  d^  5)  is  said  to  be  Icelandic. 
Two  otfaen  of  the  groiro  are  labelled  "  Oberatein ;  ^  one,  of  paxaUel 
oonatmction,  but  digfaffy  varied  in  diaracter,  ia  fi:om  Zweibniekeny 
in  BaYaria.  I  do  not  Imow  the  locality  of  m  j  own,  but  there  ia  a' 
conunnnity  of  feature  in  all  the  spedmens,  whidi  assuredly  indicates 
similarity  of  dremnstanoe  in  their  localities ;  and  the  more  various 
ihe  localities,  the  more  intansting  it  will  be  eventually  to  determine 
their  points  of  resemblance.  I  have  not  yet  obtained  an  example 
of  this  group  in  the  gangne,  bnt  the  crust  of  the  stones  themselves 
is  in  eveiy  case  composed  of  quartz-crystals  rudely  fonned,  some- 
times so  minute  as  to  look  like  a  crumbling  sandstone :  in  my  owni 
specimen  they  can  only  be  seen  with  a  lens,  associated  in  filiibnn 
concretions  like  moss ;  within  this  crust  two  distinct  formations  have 
first  taken  place,  and  then  a  change  of  state  is  traceable  affecting 
both  in  new  directions.  The  map-diagram,  PL  X.  Fig.  2,  isiettered, 
so  as  to  permit  accurate  indication  of  the  parts.' 

The  outer  formation,  next  the  crust,  is  composed  of  very  pale 
whitish  brown  jasper.  It  is  expressed  by  a  shade  of  grey  in  the 
map,  and  is  limited  towards  the  interior  of  the  stone  by  the  strong 
line  (with  occasional  projecting  knots)  thrown  into  curves,  convex 
outwards. 

The  inner  formation  is  of  a  finer  jasper,  with  dark  chalcedony  in 
segregation.  The  vertical  lines  in  the  map  indicate  the  chalcedony, 
and  the  pure  white  space,  the  inner  jasper,  terminated  outwardly  by 
convex  curves.  We  are  thus  led  at  once  to  note  the  distinction 
between  the  two  families  of  agates,  formed  from  within  outwards  in 
knots,  and  from  without  inwards  in  nests.  The  first  group,  to  which 
our  present  example  belongs,  is  usually  agatescent  in  the  interior, 
and  crystallized  on  the  siLrface;  the  second  is  agatescent  in  the 
coating,  and  crystallized  in  the  interior. 

Supposing  the  silica  deposited  under  the  same  circumstances  of 
solution,  and  the  same  time  granted  for  solidification,  the  difference 
between  these  two  structures  would  depend  (and  often  does  de- 
pend) only  on  the  chance  of  the  silica  finding  a  hollow  prepared 
for  its  reception,  or  a  solid  nucleus  round  which  it  can  congeal; 
the  ordinary  deposits  on  the  inner  surface  of  a  nest  often  become 
nodular  or  stalactitic  as  they  project  into  its  open  space,  and  the 
greater  part  of  the  apparently  independent  concretions  are  probably 
mere  fragments  out  of  the  hollows  of  larger  ones.  But  there  is, 
nevertheless,  frequently  a  true  distinction  between  the  two  modes  of 
deposit.  The  agates  formed  on  a  central  nucleus  appear  usually  to 
have  had  a  longer  time  for  their  construction  than  those  which  fill 
hollows,  or,  at  least,  they  are  the  portion  of  the  mass,  in  the  hollow 
itself,  which  has  crystallized  most  slowly ;  they  are  distinctly  reni- 
form  in  their  chalcedony,  and  distinctly  symmetrical  in  tlicir  crystals ; 

*  1  hare  carelessly  worded  the  title  of  Plate  X.  as  if  the  two  figures  were  a  rertioal 
section  and  surface  map  ;  but  the  lower  one  is,  of  course,  only  explanatory  of  the 
upper. 
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while  the  nested  agates  rtm  ifito  level  or  irregularly  dcttitiiiiioiu 
bands,  and  choke  their  cavities  with  confused  net- work  of  quartz.  I 
have  difficulty  in  finding  convenient  names  for  these  two  lamilies  of 
agate ;  but  merely  for  reference  to  them  in  these  papers,  I  shall  call 
those  formed  in  knots,  which  are  often  oonspiouously  radiant  in  the 
Hues  of  their  ciystals,  "  stellar*'  agates ;  aadd  those  evidently  formed 
in  oavities,  "  nested  "  agates. 

I  beHeve  that  the  steUar  forms,  when  independent,  will  be  found 
most  frequently  under  circumstances  admitting  the  possibility  of 
slow  concretion  at  comparatively  low  temperatures,  while  the  nested 
or  bomb-like  structure  belongs  characteristically  to  volcanic  forma- 
tions, in  which  the  cavities  might  be  filled  by  comparatively  violent 
itifhsion,  and  their  contents  in  many  cases  quiokly  cooled.  Both  condi- 
tions, of  course,  sometimes  agree  in  all  their  processes ;  and  we  shall 
be  able  finally  to  classify  these  processes  of  deposit  under  description 
which  will  apply  equally  to  the  stellar  and  nested  forms,  marking 
afterwards  the  points  of  exceptional  difference.  Thus,  for  instance, 
the  most  frequent  of  all  the  forms  of  tranquil  deposit,  uninterrupted 
by  flowing  additions  of  material,  is  that  in  which  a  clear  band  of 
chalcedony,  perfectly  equal  in  breadth  throughout,  is  first  formed 
found  the  point  (or  branch)  of  nucleus,  in  stellar,  or  on  the  ooter 
wall  of  the  cavity  in  nested,  agate.  But  after  this  has  been  formed 
in  stellar  agate,  the  succeeding  belts  will  not  usually  show  a  minor 
pisolitic  structure,  whereas,  in  nested  agates,  marvellous  groups  of 
pisolitic  hemispherical  arches  often  rise  from  the  inner  surfiace  of  the 
dlear  external  chalcedony,  in  section,  like  long  bridges  Crossing  a  flat, 
and  modify  the  whole  series  of  bands  above  them ;  but,  again,  with 
this  most  important  distinction  between  these  and  the  bands  of  stellar 
agate, — ^that  stellar  bands,  the  farther  they  retire  from  the  nucleus, 
usually  throw  themselves  with  increasing  precision  into  circular 
curves,  till  they  sometimes  terminate  in  perfect  and  exqukitely 
drawn  segments  of  spheres;  while  in  nested  agate,  the  bands,  if 
parallel,  efface  more  and  more  the  original  minor  curves  as  they 
approach  the  centre  of  the  nest,  and  sweep  over  them  in  broad  in- 
determinate lines,  as  successive  coats  of  paint  of  equal  thickness 
efface  the  projections  and  roughnesses  of  the  surface  they  cover,  or 
as  successive  falls  of  snow,  undrifted,  efface  irregularities  of  ground. 
And  now,  observe,  we  shall  want  a  word  expressive  of  an  inter- 
mediate condition  between  the  states  above  defined  as  pisditic  and 
reniform.  A  pisolitic  mineral  we  define  to  be  one  which  separates 
into  more  or  less  spherical  layers  by  contraction ;  and  this  kind  of 
division  takes  place  sometimes  quite  irrespectively  of  the  crystalline 
structure,  and  on  the  grandest,  as  well  as  the  most  minute  scale. 
In  one  of  my  specimens  of  Indian  Sard,  there  are  multitodinoos 
pisolitic  flaws,  exquisitely  perfect  in  spherical  curvature,  dividing 
the  parallel  bands  of  the  agate  transversely  in  eveiy  direction,  look- 
ing like  little  palead  of  chaff  in  its  clear  substance ;  on  a  large  scale, 
the  aiguilles  of  Chamouni  are  pisolitic,  rending  themselves  into 
curved  layers  five  or  six  hundred  feet  in  the  sweep  of  their  aiosy 
variously  crossing  their  cleavage  (which  is  rectilinear),  and  often 
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-"r —-*-''"' Y  crosaing  tberr  beda.  On  tlie  other  hand,  tnie  reniform 
fltractora  is  perfectly  compact,  and  dependent  on  miauto  radiating 
(vjntaUiEation  of  substance.  But  betwt^Gn  tbe  two  there  is  tbo  fine 
agatesoent  structure,  in  which  bands  of  different  materiala,  jasperin« 
and  cbalcodonic,  Rre  separated  from  each  other  under  a  radiating 
law  ;  and  yot  not  divided  by  a  njechanical  contraction  ;  for  though 
tfaey  are  ot^«n  so  distinct  as  to  separate  under  the  hammer  stroke, 
tbey  never  leave  spaces  between,  as  true  pisolitic  beds  do  in  ultimate 
Beparation.  For  this  intermediate  action,  the  moKt  frequent  of  all, 
}  shall  keep  the  term  "  spheric  ;''  and  I  was  forced  to  admit  only  « 
goorded  use  of  the  word  "  gravity"  in  last  paper,  because  this  spheric 
action  is  oonstant,  as  far  as  1  know,  in  all  agatescent  matter,  bo  that 
I  have  never  jet  seen  an  instance  in  level-laid  agate  of  the  transition 
from  tbe  lake  in  the  (lowest  ?)  part  of  the  cavity  to  tlio  beds  at  tbe 
aides  being  mode  under  any  subjection  to  the  niecbaQtcal  law  of 
gravity  on  fluent  substance ;  but  (as  in  tbo  petrifaction  of  the  banks 
of  Dante's  Phlcgethon  lo  fondo  suo,  e  emho  U  pimdiei,  fntt  'ernn  pietra, 
«  i  margini  dal  Uto,  "  its  bottom,  and  both  the  slopes  of  ite  sidee,  and 
the  margins  at  the  sides,  were  petrified"),  the  flinty  bauds  fonn  in 
jMndleliflm  on  the  slopes  as  well  as  the  bottom,  and  retain  this  parallel- 
ism undistartfod  round  the  walls  and  vault  of  the  agate.  Ou  tbe  other 
hand,  I  cannot  but  admit  the  idea  that  the-se  reclilincar  tracts  are 
formed  under  a  modi6od  influence  of  gravity,  het-aiiso,  first,  I  have 
never  aeen  them  laid  in  different  direotionB  in  different  parts  of  the 
mat&  atone ;  and,  secondly,  whenever  they  are  associated  with  pendent 
Btalaetitas,  they  are  at  right  angles  to  them.  So  that  ^e  aspect  of 
OTie  of  UiMe  leTelled  ^atea  in  oavitiea  ma^  be  approximately  de- 
■crihed  oa  that  o£  a  polygonal  crystal  in  which  the  position  of  one  of 
ita  aidea  ia  determined  by  gravity ;  and  the  other  sides  .modi^d  into 
earves  by  ladiatvng  cryst^ization  (of  course  the  changes  of  form 
caused  by  gndaal  entrance  or  exit  of  material  being  at  present  with- 
isamtt  bom  consideration).  In  the  example  before  ni,  which, 
dtoB^  ahowii^  bnt  feeble  cryitaQine  enei^,  belongs  to  the  stellate 
group,  the  outer  formation  of  nidely  spheric  white  jasper  withdrawi 
ita^  ooniusedly  from  the  landy  crust  of  quartz  and  booomee  finor 
and  finw  towarda  the  inner  jasper,  on  the  surface  of  which  it  tbrawa 
down  a-  coating  of  superb  crimson  (oxide  of  iron  ?)  which  is  itsctf 
unnged  every  here  and  there  in  minute  spherical  concretionH.  'Hie 
Mme  forroation  ejdsts  in  the  same  position  under  the  qnartzose  ovter 
bed  and  on  the  snr&ce  of  the  ohaloedonio  interior  one,  in  the  speoi- 
nes  figured  in  Plate  IIL  Fig.  3 ;  smd  when  we  find  it,  as  we  often 
■ball  in  fotnxa,  mider  similar  eiicnmstancea,  I  ^lall  speak  of  it 
simply  as  the  "  medial  oxide."  In  the  map,  this  crimson  deposit  is 
tb>oi%hout  represented  as  black. 

Proceeding  next  to  examine  the  inner  formation  on  the  surface  of 
wbich  this  medial  oxide  ia  deposited,  we  find  it  composed  of  two 
parts,  aharply  divided ;  a  white  jasper,  and  dark  grey  transluoent 
ebaloedony.  Tbe  white  jasper  has  a  spheric  structore  much  more 
perfect  than  that  of  the  outer  coat,  and  so  delicate  as  to  be  hardly 
virible  witboat  a  lens  (not  that  the  ipherea  are  small, — they  aro  on 
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the  average  tlie  third  of  an  inch  in  diameter, — ^but  the  lines  of  division 
are  so  subtle  that  the  mass  appears  compact).  In  this  character  the 
inner  deposit  seems  only  a  finer  condition  of  the  external  one :  but  it 
differs  Bpecifically  in  being  affected  by  sharp  displacements  apparently 
owing  to  contraction.  To  these  faults,  though  minute,  I  would 
direct  the  reader's  special  attention.  They  are  by  no  means  small 
in  proportion  to  the  extent  of  material  affected  by  them  ;  and  they 
differ  wholly  from  ordinary  displacements,  in  this,  that  there  is  no 
trace  whatever  of  movement  at  the  limiting  convex  curves,  but  only 
at  the  edge  of  the  chalcedony — so  that  the  fault  at  a  seems  owing  to 
contraction  within  the  space  a  b,  and  at  c,  to  contraction  within  little 
more  than  the  space  c  d;  and  farther,  the  fissures  a  h^  e  d  are  not 
rugged  or  broken,  as  if  caused  by  the  displacement,  but  sinuously 
current,  passing  on  through  the  chalcedony  from  c  to  tf,/,  and  g ;  and 
in  fact,  I  am  very  certain  that  these  veins  are  not  caused  by  the  con- 
traction in  question ;  but  that  the  contraction  takes  place  unequally 
on  each  side  of  the  primarily  formed  vein.  This  kind  of  fault,  of 
which  we  shall  find  frequent  instances,  the  imequal  contraction, 
namely,  of  beds  on  opposite  sides  of  a  vein  or  dyke,  I  shall  call  fault 
"by  partition,"  and  the  violent  fracture  of  beds  at  a  point  where  no 
vein  or  dyke  previously  existed,  I  shall  call  fault  "  by  divulsion." 
Deposits  which  fill  compartments  in  fossil  shells  may  often 
be  seen,  in  a  correspondent  series  of  beds,  to  vary  their  pro- 
portionate thickness  at  each  partition :  the  rectilinear  bands  of 
Labradorite  may  be  found  varying  in  thickness  and  position  while 
they  correspond  in  direction,  in  contiguous  crystals ;  and  I  do  not 
doubt  but  that  even  on  a  great  scale,  displacements  of  beds  which  at 
first  sight  might  be  supposed  to  have  given  rise  to  the  fissures  which 
divide  them,  will  be  found  on  examination  to  be  the  result  of  an 
unequal  contractile  action  in  the  masses  released  by  the  fissure,  pro- 
tracted for  long  periods  after  it  had  given  them  their  independence. 
Lastly.  The  separation  of  the  chalcedony  from  the  jasper  does  not 
take  place  only  in  the  inner  formation.  It  is  an  operation  evidently 
subsequent  to  the  deposition  of  both  layers,  and  even  in  the  outer 
one,  makes  the  entire  dotted  space,  as  far  as  the  curved  limit  x  y  , 
chalcedonic,  and  flushes  it  with  a  diffusion  of  the  medial  oxide  from 
its  edges ;  this  medial  oxide  here  drawing  itself  into  bands,  which 
being  parallel  with  those  of  the  grey  chalcedony,  are  manifestly  pro- 
duced by  a  segregation  which  has  taken  place  simultaneously  in  the 
two  layers,  lliis  being  clearly  ascertained,  the  intensely  sharp  line, 
which  separates  the  chalcedony  from  the  white  jasper,  considered  as 
a  result  of  segregation,  becomes  highly  remarkable,  and  a  standard 
of  possibility  in  sharpness  of  limit  so  produced. 

The  spots  surrounded  by  dark  lines  in  the  lower  part  of  the  figure 
are  portions  of  the  inner  formation  cut  off  by  the  surface  section. 
It  is  often  difficult  on  a  single  plane  to  distinguish  such  spaces,  the 
truncated  summits  of  an  inferior,  or,  as  here,  remnants  of  a  superior, 
bed,  from  isolated  concretions  :  and  it  is  always  necessary  in  examin- 
ing agates  to  guard  against  mistaking  variation  of  widths  of  belt 
caused  by  obliquity  of  section  from  true  variations  in  vertical  depth. 
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AH  the  difficulties  of  a  geological  survey  sometimefl  meet  in  the 
spue©  of  a  single  flint.  The  gradated  softness  of  odgo  in  belts 
widened  by  oblique  section  is  however  usnally  an  inslant  moans  of 
rocogniBing  tliem ,-  but  in  this  atone  the  matenal  is  so  fino  that  the 
oblique  eilgea  are  as  Bharji  as  the  vertioU  ouo8. 

I  oould  not  witbont  tediousuess  proceed  farther  in  the  description 
of  this  atone :  it  presents  other  pheuomenri  peculiar  lo  itself;  but, 
resuming  the  paints  hitherto  stated,  we  may  define  the  family  of 
agates,  which  it  represente,  aa  cunsisting  of  at  least  two  fonnatiooK 
enclosed  by  quartz  ;  Iho  inner  formation  beiug  affected  by  disloca- 
tions  which  do  not  pass  inio  the  outer  one.  Genei^ly  their  colour 
isbrownishredandwbite.andthetrmtun  material  opaque  and  jftsperine; 
their  chalcedony  developing  itself  subsequently  and  subordinately. 
The  crimson  veins  and  strife,  which  in  aomo  examples  traverse  the 
inner  formation,  will  furnish  us  with  a  study  of  scparatt>  interest 
after  we  have  obtained  det«rminatc  types  of  other  largo  and  typical 
groups :  the  minor  details  in  each  may  then  be  examined  with  a 
better  field  for  eomparison.  For  convenience  sake  I  shall  in  future 
refer  to  the  group  describeil  in  this  paper  as  ■'  Dipartite  jaspers," 
Their  division  may,  indeed,  be  into  more  than  two  coats  or  forma- 
tions, but  the  operation  of  a  contractilo  force  in  one,  which  docs  not 
affect  another,  sufficiently  justifies  the  term  for  general  purposes. 


III. — Formation    or  Vaj-libb.     A  Description  op  Heudesbopk. 
Bj  8.  R.  Pattwok,  F.G.S. 

THE  Heudeabope  bock  is  a  small  feeder  of  the  Tees,  mnning 
swiftly  down  a  steep  valley  into  the  main  stream,  at  Ulddleton 
Teesdale.  It  is  wholly  in  the  load-measures  (Carbonifei'ouB  lime- 
stone), which  are  here  nearly  horizontal,  undisturbed  by  trap,  and 
shew  only  a  few  faults,  so  small  as  not  to  affect  the  surface.  The 
great  Teesdale  fault  operates  on  the  other  aide  of  the  main  valley. 
Thd  Heude  beck  flows  north  and  south.  Its  source  is  in  the  table- 
land, forming  the  water-shed,  between  VTeardale  and  Teesdale, 
whenoe  four  or  five  streams  issue  in  different  courses.  It  is  un- 
obscnred  by  the  drift  beds,  which  characterize  the  opposite  lower 
■lopea  of  the  Tees  valley.  It  is  excavated  down  to  the  solid  rook, 
the  banks  have  been  quite  undisturbed  by  cultivation.  It  passes 
through  forty -three  distinct  alternations  of  grit,  shale,  and  limestone, 
to  each  of  which  the  miners  have  given  a  distinct  name ;  it  falls 
about  1,000  feet  in  the  six  miles  of  its  course.  In  the  hope  that 
a  tramp  down  by  the  side  of  its  brawling  rivulet,  during  the  short 
hours  of  a  winter  day,  might  illustrate  some  theory  of  valley- 
formation,  I  devoted  one  of  the  last  days  of  the  year  to  the  task. 

The  summit  of  the  table-land  ia  formed  by  grit  beds,  called 
Firestone,  stratigrapbically  just  below  the  Millatone  grit  The 
gorge  begins  by  two  scoop-like  hollows,  springing  from  the  level. 
Th^  are  covered  with  sharp  blocks  of  unroUtd,  unscratched  stone. 
There  is  no  nick  in  the  table-land,  no  change  of  strata,  ao  fault. 
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The  plafesQ  bears  no  mark  which  offers  the  slightefc  reason  why 
the  fo\^  or  five  tmy  streams  should  have  origiaallj  flowed  in  one 
direction  rather  than  another.  Bat  the  cmst  of  the  plateau  ha» 
been  broken  up  in  the  direction  of  the  valleys,  and  the  uppermost 
reaches  are  incumbered  by  untravelled  blocks  of  the  grit  which 
have  been  somehow  broken  in  situ  and  then  left.  What  efEected 
this  operation?  Certainly  not  denudation,  not  rain  or  rivers,  not 
atmospheric  agency.  These  are  minor  polishing  agencies,  but  they 
could  never  originate  the  basis  of  their  operations.  Not  ice,  for 
there  is  no  trace  of  glacial  grinding  action.  Looking  from  this 
summit  level  at  the  diverging  lines  of  ruin,  one  would  say,  here  we 
are  at  the  spot  where  force  has  come  to  its  vanishing  point.  Some 
great  pounding  and  crushing  and  disturbing  operation  has  radiated 
from  the  line  of  the  river  vallies  below,  and  spent  itself  in  the 
everlasting  hills ;  the  maximum  of  the  force  was  displayed  at  the 
base,  in  tiie  main  valley  below,  and  its  minimum  up  here  at  the 
summit;  the  intervening  wedge  of  material  was  shattered  and 
loosened,  leaving  to  rain  and  rivers  the  operation  of  its  removal. 
The  latter  have  done  the  barrow- work,  but  the  powder- work  was 
first  done.  After  diescending  through  about  l60  feet  of  grits  we 
come  to  the  shales  (Plate  and  grey  beds),  in  which  the  stream 
becomes  more  peaceful,  we  then  re-enter  a  sandstone  sill,  down  a 
succession  of  steps,  in  which  the  perpendicular  is  formed  of  shales 
and  the  steps  of  grit,  the  former  constantly  yielding  and  the  latter 
breaking,  so  as  to  deepen  the  gorge,  now  in  one  place  and  then  in 
another.  Crossing  the  thin  fell-top  limestone,  we  came  into  a  well- 
marked  succession  of  slate  sills  and  grits.  On  looking  around  we 
see  that  the  tiny  rivulet  has,  and  has  always  had,  a  definite  course. 
True,  it  skips  about,  now  here  and  now  tiiere,  within  limits  of  a 
dozen  yards,  now  coursing  down  one  channel  and  then  another,  as 
its  broken  ledges,  or  as  floods  determine,  but  its  course  is  at  the 
bottom  of  the  gorge,  and  is  quite  distinct  from  the  gorge  itself, 
which  has  sloping  sides ;  it  is  a  water  staircase,  like  the  celebrated 
Cascade  at  Chatsworth,  but  with  smooth  inclined  side  walls.  The 
whole  dip  of  the  strata  is  eastward,  and  therefore  if  the  valley  had  been 
excavated  by  water  or  by  rain  it  would  have  gone  in  the  direction 
of  the  first  shale  bed,  and  been  marked  by  an  overhanging  cliff  of 
grit  in  its  down  eastward  course.  On  reaching  the  limestone,  which 
is  here  called  the  Great  Limestone  (the  cliffs  of  which  gives  name 
to  the  middle  of  the  little  valley,  the  Skears,  but  which  is  not  the 
Scar  limestone  of  other  districts)  we  find  a  beautiful  development 
of  the  cutting-back  power  of  the  water.  The  beds  of  the  limestone 
have  first  been  worn  quite  smooth,  leaving  the  corals  and  Brachiopods 
in  exellent  relief,  the  spray  has  hollowed  out  the  shales  beneath,  the 
limestone  has  given  way,  the  rivulet  has  suddenly  acquired  a  new 
level,  the  old  bed  with  its  lips  and  pot-holes  and  curved  lines  is  left 
dry,  like  a  broken  well-dish.  This  action  is  confined  to  the  staircase ; 
it  does  not  extend  back  into  the  side  slopes,  The  amount  of  river 
bed  thus  acted  on  is  very  considerable.  Judging  from  rough 
calculation,  it  must  have  been  going  on  for  ages  before  the  Bouldeo:' 
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day.  TluB  tritimtioii,  wiih  its  step-like  tediilts,  k  qtdte  diitfSiigiinii- 
able  in  its  effects  £rom  the  phenomena  of  the  slqpeB  extending; 
upwards  on  either  side  of  the  actual  present  and  past  channel.  The 
limfiBtone  forms,  as  usual,  a  terrace  in  the  side  of  the  fells,  and  shews 
picturesque  dift.  Below  this  we  get  pale  flaggy  beds  with  shale, 
the  former  ezhibitfaig  fine  markings  of  two  species  of  Crossopodia. 
Through  these  the  btrm  descends  past  the  village  of  Middleton 
down  to  its  junction  with  the  riyer,  in  the  four  fathom  limestone. 

I  dosed  a  pleasant  day's  ramble  in  the  conyiotion  thait  we  had  not 
made  much  progress  in  the  yalley  question  since  the  days  of  Button, 
simply  because  a  physical  fiEU)t  once  ascertained  becomes  an  axiom. 
What  more  can  be  said  than  the  following: — ''The  original  in- 
equalities of  the  surfiEtce,  and  the  disposition  of  the  strata,  must,  no 
doubt,  have  determined  the  water-course  at  first ;  but  this  does  not 
hinder  us  from  considering  the  riyers  as  haying  modified  and  changed 
those  inequalities,  and  as  the  proximate  causes  of  the  shape  and 
configuration  which  the  surfece  has  now  assumed.'' — PJoj/atr,  JDni- 
traMons  of  <A«  Huttaman  Theory,  p.  857. 


TV. — On  ths  Albian,  or  Gault,  or  Folkestoks. 

Bj  C.  K  De  Range,  of  the  Qeological  Soirey  of  England  and  Walet. 

TIROM  the  proposition  of  Professor  Forbes,  that  a  species  once 
JU  extinct  never  reappears,  it  follows  that  when  a  species  recurs, 
it  must  have  existed  elsewhere  during  the  whole  of  the  time  occupied 
by  the  deposition  of  the  strata  between  the  deposits  containing  it. 
In  viewing  the  distribution  of  species  through  the  chief  stages  of  the 
Lower  Cretaceous  system,  it  appears  that  the  same  species  reappear 
when  there  is  a  recurrence  of  the  same  or  similar  physical  conditiomi, — 
the  Neocomian  and  Albian  clays  having  more  species  in  common  than 
the  intervening  Aptian ;  and  i^e  Aptian  and  Cenomanian  sands,  being 
more  closely  allied  than  the  intervening  Albian  clay.  An  examination 
of  the  latter,  at  Folkestone,  appears  to  allow  of  its  being  divided  into 
eleven  lithological  stages  or  beds  which  have  been  more  or  less  re- 
cognized by  all  geologists  and  fossil  collectors  who  have  visited 
the  district.  To  these  beds  provisional  names  have  been  assigned 
expressive  either  of  their  colour,  position,  or  characteristic  fossils. 
But  in  tracing  all  the  recurring  species  from  their  genesis  in  one 
stratum  to  their  extinction  in  another,  these  beds  are  found  to  have 
no  great  palseontological  value,  but  to  resolve  themselves  into  two 
groups  divided  by  a  junction  bed,  in  the  same  way  as  the  "junction 
bed "  separates  the  Albian  from  the  Upper  Aptian.  Beds  i.  to  in. 
forming  an  Upper,  beds  v.  to  x.  a  Lower  Albian,  beds  iv.  and  xr. 
being  the  two  phosphate  junction  beds, 

As  Mr.  Judd,^  in  his  admirable  paper  on  the  "  Speeton  Olay,"  has 
adopted  D'Orbigny's   term,  "  Neocomian," .  for  that  formation,  the 

i  GvoL.  Mao.  Vol.  Y.  p.  141. 
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following  terms  have  been  used  by  the  writer  of  this  paper  as  being 
more  uniform  with  it : — 

Danian  Stage  =Upper  Chalk. 

Zone  of =  Chalk  rock. 

Upper  Tiironian  sub-stage        =Lower  Chalk. 

Zone  of  BeUmnitella  mucronata  =iJunetion  bed. 

Lower  Turonian  sub-stage       =Grey  Chalk. 

Zone  of  Scaphites  aqualis  =  Chhritie  Marl. 

Cenomanian  stage  =IJpper  Greensand. 

Upper  Albian  sub-stage  =Upper  Qault 

Zone  of  Am,  Beudantii  z=:Nodule  bed. 

Lower  Albian  sub-stage  =Lower  Gault. 

Zone  of  Am,  interruptus  =z  Junction  bed. 

Upper  Aptian  =:  Folkestone  beds. 

Zone  of  RhynchoneUa  sulcata     ^iz  Junction  bed. 

Middle  Aptian  =:Sandgate  beds. 

Zone  of  lerebratula  ohlonga       z=z  Junction  bed. 

Lower  Aptian  sub-stage  =:Hythe  beds. 

Lower  Neocomian  sub-stage  =:Atherfield  Clay. 
A  "  true  'junction  bed*  represents  in  a  tangible  form  the  actual  break 
in  organic  life  between  two  stages,  and  either  introduces  a  new 
fauna  altogether,  as  Bed  xi.,  separating  the  Aptian  from  the  Albian 
stages ;  or  contains  a  *  limit  fauna/  as  Bed  iv.,  dividing  the  Upper 
from  the  Lower  Albian  sub-stages.  Some  species  have  an  extremely 
limited  vertical  range  in  a  stage  or  sub-stage,  and  yet  reappear  in 
other  stages,  producing  Ae  phenomenoti  of  recurrent  forms  and 
horizons."  Tims  there  are  two  distinct  horizons  of  Pect(m  asper  in 
the  Albian  of  Kent,  and  another  in  the  first  foot  of  Greensand  below 
the  Chloritic  Marl  or  Zone  of  Scaphttes  nqualts  at  Beaminster  and 
Chardstock.  As  an  assemblage  of  horizons  of  similar  range  constitute 
a  zone,  a  recurrence  of  several  horizons  defines  or  marks  a  recurrent 
zone,  which,  as  above  stated,  appears  to  occur  at  every  return  of  similar 
physical  conditions.  The  junction  beds  between  all  the  stages  and 
sub-stages  of  the  Cretaceous  are  examples  of  this,  for  they  contain  in 
addition  to  the  "  initiative  "  or  "  limit"  fauna,  as  the  case  may  be,  a 
large  percentage  of  forms  peculiar  to  themselves,  thus  the  reptile 
Icthyosaurus  campylodon  is  found  in  every  junction  zone,  from  the 
zone  of  Bhynchonella  sulcata,  between  the  Upper  and  Middle  Aptian 
(Folkestone  and  Sandgate  beds),  to  the  zone  ofBeUmniteUa  mucronata, 
between  the  Upper  and  Lower  Turonian  (Lower  and  Grey  Chalks). 
Many  other  species  occur  in  a  similar  manner ;  Solarium  conoideum, 
which  is  limited  to  the  upper  three  feet  of  the  zone  of  Ammonites 
Beudantii  (between  the  Upper  and  Lower  Albian),  even  reappearing 
in  the  zone  of  Scaphites  (equalis  and  Am,  varians  (Chloritic  Marl)  at 
Cambridge.  Associated  with  these  recurrent  species,  in  every  junction 
bed,  are  found  phosphatic  nodules,  those  from  the  Albian  beds  iv, 
and  XI.  are  rich  in  phosphates  and  contain  sulphuret  of  iron,  silica, 
and  lime,  the  phosphatic  matter  appears  to  have  been  deposited  in  a 
decomposed  or  gelatinous  state,  for  it  often  entirely  surrounds  shells, 
bones,  bored  wood,  and  crustaoea,  sometimes  entangled  with  and 
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around  fragmentB  of  broken  ammonitoB,  sometimes  filling  up  empty 
cavities,  and  in  few  cases  enclosing  small  quartz  pebbles.  Taking 
all  these  facts  into  consideration,  it  appears  probable  that  these 
phosphatio  nodules  are  the  molluskite  and  other  animal  remains  of 
the  recurrent  forms  which  existed  in  another  area  during  the  time 
occupied  by  the  deposition  of  the  intervening  strata. 

The  Lower  Neocomian  is  exposed  at  low  water  on  the  beaoh 
between  Sandgate  and  Hythe,  and  is  reached  in  well-borings  at 
both  towns;  the  zone  of  BhynekoneUa  stdcala  is  to  be  seen  near 
the  turnpike  between  Folkestone  and  Sandgate,  on  the  Lower 
Sandgate  Boad;  the  Middle  Aptian  beds  at  this  point  are  over- 
laid by  a  recent  deposit,  two  to  three  feet  thick,  which  con- 
tains ike  empty  shells  of  the  recent  species  Cydostojna  eUganiy 
a  shell,  peculiar  to  chalk  districts,  only  now  met  with  living, 
two  miles  further  east,  on  the  chalk  of  the  undercliff  at  Eastweir 
Bay.  The  Upper  Aptian  sands,  with  its  seams  of  rag  and  sandy 
ironstone,  form  the  cliff  above.  The  junction  bed  xi,  is  first  seen 
in  the  cliff,  at  a  point  immediately  over  the  before-named  turnpike. 
Under  the  junction  bed,  at  the  top  of  the  Upper  Aptian,  there  is  a 
highly  fosfflliferous  bed  (the  zone  of  Amnumtes  mammiUaris,  Am. 
Beudaniiiy  and  Inoeeramua  Salomoni).  This  zone,  which  contains 
many  Aptian  forms,  is  succeeeded  by  a  seam  of  sulphuret  of  iron 
nodiiles,  with  crystals  of  selenite,  and  occasionally  wood,  bored  by 
Gastrochana  pyriformis ;  this  scam  is  a  portion  of  the  junction 
bed  XI.,  and  is  the  real  base  of  the  Gault  Clay,  or  Albian  stage.^ 

LOWER   ALBIAN.' 

Zone  of  Ammonites  interruptus.  Bed  xi. — This  zone  consists  of 
three  portions,  the  iron  seam,  before  alluded  to;  a  seam  of  dark 
green  sand,  containing  two  lines  of  phosphatio  nodules ;  and  a  band 
of  dark  marly  gault,  with  one  line  of  nodules ;  the  nodules  in  each 
case  being  mixed  with  fragments  of  Am.  interruptus  and  Am,  dentatut^ 
The  first  portion  is  generally  about  a  foot  in  thickness,  the  second 
from  eighteen  inches  to  foui*  feet  thick,  the  third  from  one  to  three 
feet.  This  zone  is  well  shown  in  the  cliff  section,  from  its  first 
appearance  above  the  turnpike,  before-mentioned,  to  the  point  in 
which  it  sinks  below  the  beach,  a  little  east  of  Copt  Point.  At  the 
eastern  comer  of  the  west  cliff,  at  the  Battery,  it  is  cut  into  and 
redeposited  with  the  local  *'  Elephant "  bed  existing  at  that  point,  of 
which  the  following  is  a  section  taken  by  the  writer  of  tlus  paper 
in  1866  :— 

1.  Vegetable  mould « 3  feet  3  inches. 

2.  Rag  flagstones  of  Old  Monastery 0    „    3     „ 

3.  Clay,  with  oysters,  bones  of  Ox,  etc 2    „    6     „ 

4.  Small  shingle  .! 0    „    4     „ 

6.  White  loam,  with  Helix  eoncinna^  Suceinea  obhnga.  I^ower  J 

Chalk.  Terebratulay  and  "  junction  bed."    Ammonites  and  >  6    „    4     „ 
nodules ) 

6.  Angular  flints,  with  bones  of  mammalia,  and  fragments  of  )  .         g 

Am.  interruptut   /       "  " 

7.  Upper  Aptian 95    „    0     „ 

^  For  the  particulars  of  the  distribution  of  the  Aptian  beds,  see  Mr.  Drew  in  GeoL 
Snzrey,  Memoir  on  sheet  i?* 
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Thm  \mA  nt  of  bones  foimd  wore  eThmaed  in  the  preeenee  of 
Obptein  SwDCocy,  JLA^  who  told  me  they  w«ne  fannd  in  bed  6  <^ 
lUs  secckm,  two  or  three  luge  twks  of  £i§pA0t  primifmiut  being 
left  el  the  bottom  of  the  exoaTiUion,  where  they  remain  to  this  day. 
A  smilar  depoat  to  that  ci  bed  4  ci  the  ebo^e  eedion,  was  found 
in  an  exoaTadon  for  some  eottagMi,  between  the  New  Gas  Wcvke 
and  Bailwi^  Embankment ;  this  depoek,  mpped  by  brick  earth  and 
resting  on  Upper  Aptian,  contains  Lowar  Chalk  fbosils  and  nodoles 
of  iron  from  die  Chalk. 

Hie  junction  bed  xi,  may  be  well  eeen  on  the  Canterbnry  Boad, 
in  a  ssnd  pit»  a  little  aonth  of  the  brickfield  above  the  Bed  Cow  Inn  ; 
the  zone  of  Am,  iuUwrmpUu  resting  here  on  the  sone  of  Am.  mmm^ 
wdUaru^  at  a  height  of  forty  feet  above  the  road.  At  the  gate  leading 
to  the  brickfi^d  it  dips  vnder  the  road,  and  is  never  met  with  at  the 
su&oe  fnrther  north.  It  was,  however  reached  in  a  well-sinking 
at  Ganterbury  Termoe,  Dover  Boad,  at  a  depth  of  ei^ty  feet.  The 
two  upper  bands  of  bed  xi.  were  three  feet  six  inches,  and  the 
soll^nret  of  iron  seam  eighteen  inches  in  thickness;  water  was 
touched  the  moment  the  latter  eeam  was  pierced,  and  welled  up  in 
abendanoe  after  passing  throogh  five  feet  <^  dark  greensandy  re- 
sembling in  lithological  character  the  beds  of  the  Middle  Aptian. 

Zone  ofAmmomiUi  BemeitUmu  (f )  B«^  x.— The  ''  bottom  bed  "  of 
the  Allnan  contains  one  seam  of  phoq>hatic  nodules,  with  few 
organic  remains. 

Zone  of  Am.  aurituif  rar.  Bed  ix. — The  variety  of  Am,  §iuriiu9 
found  in  this  zone  has  long  and  slender  spines.  The  zone  is  well 
shown  in  the  Copt  Point  section,  in  the  patch  of  Albian  exposed  on 
the  beach  in  the  Eastwear  Bay,  between  Copt  P<nnt  and  the  Pre- 
ventive Station,  and  in  the  Brickfield  before  mentioned. 

Zone  of  CruHaceA.  Bed  viii.  ("  Crab-bed  ")  is  composed  of  a  Ught 
fewn-coloured  clay ;  a  striking  contrast  to  the  deep  black  of  zone  zx., 
and  is  poor  in  fossils  in  proportion  to  its  thinkufii^^  but  oontaiitf 
seven  species  peculiar  to  itself 

Zone  of  Nautilui  Clematmus.  Bed  vii. — The  clays  of  this  zone  are 
strongly  spotted  with  light  markings  of  fawn  colour  on  a  dark 
ground ;  this  kind  of  mottling  is  invariably  found  in  the  clays  of  the 
Lower  Albian ;  on  the  contrary,  in  the  Upper  Albian,  the  day 
deposits  are  streaked  (not  spotted),  with  dark  marks  on  a  light 
ground.  Many  characteristic  Albian  shells  make  their  first  appeer- 
ance  in  this  zone,  and  seven  are  peculiar  to  it. 

^Me  of  Am.  denarius.  Bed.  vi.  though  of  small  vertical  tiiick- 
ness  and  lithologicaUy  similar  to  the  last,  is  palaeontologically 
distinguished  from  it,  from  the  fact  that  many  of  the  most  marked 
forms  of  zone  vii.  do  not  pass  into  it,  while  on  the  other  hand  it 
contains  at  least  six  species  peculiar  to  itself.  This  zone  is  well  seen 
m  plan  in  the  patch  of  Albian  on  the  beach ;  it  is  there  distinguished 
m)m  the  last  by  the  darker  colour  of  the  ground  between  (he 
mottlingB,  and  is  physically  separated  from  the  following  zone  by  a 
se^f  hard  rag  about  six  inches  thick. 

^^^  of  Am.  aurxtus.    Bed.  v.  is  very  daric  in  colour,  thov^ 
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not  to  dark  as  the  sono  of  Jm.  unritus  var.,  and  is  liigldj 
foBsBiferons.  Two  distinct  forms  of  AmmomUi  Dethayetii  occur 
in  the  lower  Cretaoeons  series,  one  with  a  square  flat  back,  the 
other  with  a  rounded  back.  The  former  occurs  in  the  cone  of 
BhynehmeUa  ntl^Ua,  and  the  sand  seam  in  the  zone  of  Am.  m^ 
Umqdut;  the  latter  form  in  the  Lower  Neooomian  day  of  tilie  Ide 
of  Wigfat^  and  the  day  of  the  Lower  Albian,  zone  v.,  at  Folkestone. 
Zones  T.,  Yi.,  and  tu.  constitute  the  horizon  of  Ammamtea  ehgtmr, 
whilst  that  of  Am.  JmUtu  probably  corresponds  with  the  entire  space 
occupied  by  the  Lower  Albian. 

Zone  of  Am.  Beudantii.  Bed.  it.  being  the  '' passage  **  be- 
tween tilie  Upper  and  Lower  Albian,  cannot  be  strictly  said  to 
belong  to  the  one  more  than  to  the  other.  It  marks  the  total  eztmo* 
tion  of  many  Lower  Albian  forms,  no  less  than  the  introduction  of 
others,  which  took  their  place.  But  this  replacement  is  marked  rather 
by  a  greater  number  of  individuals,  than  of  spedes,  for  of  the  88 
species  which  became  extinct  in  l^e  Lower  Albian,  only  45  new 
forms  occur  as  peculiar  spedes  to  the  Upper  Albian.  Zone  nr.,  in 
addition  to  being  the  "  linut  fauna  "  of  the  two  Albians,  contains  13 
spedes  peculiar  to  itself,  and  also  the  other  13  species  which  are  com- 
mon to  the  Upper  and  Lower  Albians.  We  thus  see  how  well  the 
Upper  Albian  is  speoiidized  by  the  group  Crutaiij  not  a  single  sped- 
men  of  which  is  found  in  the  Lower  Albian ;  whilst  with  the  excep- 
tion of  Am.  iplendens,  the  Lower  Albian  is  equally  characterized  by  the 
Dentati  and  Tuhermdati — ^bed  xi.  being  especially  the  zone  of  the 
fonner,  and  beds  yii.,  ti.,  and  y.  of  the  latter.  This  zone,  as  seen  in 
the  patch  on  the  beach,  consists  of  four  portions.  The  lower,  fiye 
indies  at  the  outcrop,  contain  phosphatic  nodules  with  Am.  prohoB- 
cidmu :  the  second,  18  inches  thiclr,  nodules  with  variety  of  Am. 
denarius  {Am.  erenatus  of  the  Brit  Mus.  coll.)  ;  the  third,  four  feet 
four  inches,  with  few  nodules  and  Am.  Bouehardi;  the  fourth,  two 
feet,  with  nodules  and  Am,  Beudaniti,  constituting  four  well  defined 
Ammonitic  horizons. 

UPPEB   ALBIA3X. 

dione  of  NautUui  Ikslon^ekampsianui.  Bed  hl  is  a;k  once 
distinguishable  from  any  other  by  the  occurrence  of  Btoe&ramm 
mdeaius,  in  casts,  in  great  abundance,  the  sur£EU3e  of  the  bed  being 
everywhere  marked  by  their  silvery  impressions.  This  shell  first 
occurs  in  the  Lower  Neooomian  day  of  Hythe,  is  not  again  found  in 
the  Aptian  series,  but  re-appears  in  the  zone  of  ^m.  interrupius;  a 
single  specimen  only,  however,  has  been  foimd  by  Mr.  Etheridge.^ 
It  next  appears  sparingly  in  bed  iv.,  and  reaches  its  maximum  of 
development  in  bed  iii.,  the  zone  under  consideration.  A  few  speci- 
mens occur  in  bed  n.,  and  also  in  the  Blackdown  beds,  a  portion 
of  which,  at  least,  represents  the  Upper  Albian.  Near  the  base  of 
zone  III.  there  is  a  seam  of  phosphate  containing  Nucula  hivirg(Ua  and 
Cardita  tenuicosta^  Inoceramus  mdcaitu*  and  a  quartz  pebble.     A  little 

*  Memoir  of  the  Geol.  Sanrcj,  sheet  iv. 

s  A  difltinct  variety  of  In.  nUcattUf  figured  in  ^Molliuqaes  Fossles,"  bj  Pietet 
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above  is  a  seam  of  hard  rag  containing  stems  of  Pentiterinus  Fittoni. 
Another  bed  of  rag,  physically  dividing  this  zone  from  zone  ii. ;  im- 
mediately under  the  rag  is  a  seam  of  very  laige  specimens  oi  Am. 
cristatus. 

Zone  of  Am.  eirctdaria  and  Kingana  lima.  Bed  ii.  In  colour  a 
pale  cold  grey,  poor  in  organic  remains,  but  containing  several 
seams  of  phosphatic  nodules  mixed  with  fossils ;  these  nodules 
appear  to  be  the  principal  cause  of  the  preservation  of  as  many  as 
fifteen  peculiar  species  of  fossils.  Before  describing  the  position  of 
these,  ^Q  following  is  a  key  to  the  beds  before  named,  exposed 
on  the  beach ;  the  measurements  give  the  width  of  outcrop  of  each 
zone,  along  a  line  at  right  angles  to  the  coast  from  the  diff  to  a  large 
chalk  rock  marked  by  the  writer  with  a  broad  arrow. 


Zone 


FT. 

iir. 

rr. 

IK. 

FT. 

I... 

..  66 

10 

Fault. 

Fault, 

II... 

...  81 

7 

Zone     II.... 

..  S7 

0 

Zone  V 20 

in... 

...  11 

5 

III.... 

..     8 

6 

Fault. 

IV... 

...     8 

4 

Fault. 

Zone  VIII 36 

V... 

...  23 

0 

Zone    V 

..     8 

1 

Sand,  coTering 

VI... 

...     3 

0 

Fault. 

Albian  90 

VII... 

..  10 

10 

Zone  VII.... 

..     2 

0 

IK. 


The  first  seam  of  phosphate  in  zone  iv.  occurs  at  5ft.  Gin.  above 
zone  III.  in  the  patch  on  the  beach ;  it  is  there  4  in.  thick,  and  contains 
Ino.  concentricua  and  vertebrae;  the  second,  a  foot  thick,  occurs  at 
4  ft.  9  in.  above  the  last,  and  contains  Terehratula  hiplicata,  Nueula 
ovatUy  Am.  cristatWf  Hf/bodus,  Lamna  suhulataj  vertebrae,  Hamites  at- 
tenuatusy  Pentacrinus  Fittoni^  Nueula  hxvirgatay  and  Pecten  asper.  About 
the  middle  of  this  zone  there  is  a  very  dark  band,  well  seen  at  the 
foot  of  the  cliff  section,  a  little  west  of  the  Preventive  Station  and 
east  of  the  great  patch  on  the  .beach,  which  contains  no  less  than 
five  seams  of  phosphate  nodules  in  about  as  many  feet ;  these  consti- 
tute the  horizon  of  Belemnites  {minimui)  ultimus  and  Samitea  armaius, 
they  also  contain  Am.  crtstatus  and  Am.  varicosus. 

Zone  of  Am.  Goodhallii,  and  Am.  rostratus.  Bed.  i. — ^This  zone  is 
traversed  by  a  system  of  joints,  with  smooth  surfaces  which  are 
coated  with  a  film  of  oxide  of  iron,  or  "  dark  partings."  These 
smooth  surfaces  slipping  against  each  other,  partly  contribute  to  the 
faulted  and  folded  state  of  the  beds  beneath ;  the  whole  base  of  the 
cliff,  a  little  west  of  the  Preventive  Station,  sometimes  moving  a  foot 
in  a  week,  the  upper  bed  folding  over,  and  reaching  more  seaward 
than  the  lower  beds.  In  connection  with  the  imstable  state  of  the 
undercliff  in  the  bay,  it  may  be  mentioned  that  the  whole  surface  of 
the  land  between  Martello  Tower  3  and  the  Tramroad,  is  slowly 
sinking,  and  in  the  line  of  greatest  depression,  according  to  the 
Coastguard  men,  at  the  rate  of  a  foot  in  a  year.  Zone  i.  is  divided  into 
two  portions  by  the  occurrence  of  a  bed  of  dark  green  sand,  contain- 
ing four  seams  of  shining  phosphatic  nodules.  It  contains  Am* 
Goodhallii,  Icthyosaurue  campy lodon,  Pecten  orhieularUy  Belemnites  ulti- 

and  Konx,  pi.  42,  Jid,  exists  in  this  seam,  two  specimens  being  found,  half  of  the 
ihell  resembling  ntlcatut  and  half  like  cancentricut.—C  £.  £. 
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M«f ,  and  a  Choanite ;  the  latter  three  species  were  obtained  by  Mr. 
Topley.'  All  the  species  enumerated  &om  zone  i.,  occur  in  that  por- 
tion of  it,  under  the  horizon  of  ^m.  OoodhaUii.  A  fragment  of  a 
Pecten  from  the  upper  portion,  Appears  to  be  a  Lower  Turonian 
speoiea. 

CKNQMANIAN. 

This  formation  is  28  feet  thick  at  Copt  Point,  the  first  22  feet 
being  green  sand  and  the  remaining  six  brown  sand.  It  runs  from 
this  point  to  the  air  shaft  of  the  tunnel,  and  from  thence  along  the 
undercliff  capping  the  cliff  section  west  of  the  Coastguard  Station, 
and  occurs  all  along  the  beach  a  litde  east  of  the  same,  between  the 
cliff  and  the  little  patch  of  Albian  beds  i.  and  ii.,  locally  called 
"  Pelter  Gault." 

The  following  fossils  were  collected  by  Mr.  Topley  and  myself 
from  the  Cenomanian  of  Folkestone : — Brachiolitea  (f ),  Solarium 
omatum,  InoceramM  Crisp%%{f),  Ventrictdites  impressa^  Exogyra  conufa, 
Ex.  eolumha,  Pecten  orhiculans,  and  Lima  parallela. 

Zone  of  Scaphites  aqualis. — The  "  Chalk  with  green  grains"  or 
'^Chloritic  Marl,"  is  seen  at  Folkestone,  in  the  inlier  at  Copt, 
where  it  occupies  a  small  cirde  around  the  Martello  Tower.  It 
is  apparently  luifossiliferous,  and  is  five  feet  in  thickness. 

The  Lower  Turonian  sets  in  near  Martello  Tower  2,  and  is  well 
exposed  on  the  beach  at  Abbots'  Cliff.  The  Upper  l\ironian  forms  the 
escarpment  overlooking  the  Aptian  plateau ;  and  the  Danian  first 
appears  at  the  top  of  the  cliff  a  little  west  of  the  Preventive  Station 
at  Abbots'  Cliff. 

In  conclusion,  I  would  wish  to  thank  Mr.  Etheridge  for  his  kind- 
ness in  determining  the  species  of  the  majority  of  the  fossils,  and  for 
his  assistance  in  various  ways. 

List  of  the  most  Chajlactsrtbtio  Species  peculiar  to  each  Zone. 

Zone  XI. — (7  Species  peculiar.)  Am.  Deshayesiij  Am.  cUntatuSy  Am.  GervilliantUf 
Troehotmilia  tuUata. 

Zone  IX. — (5  sp.  p.)  MytUui  Oallietuia,  Fusiu  Iteriantu,  Sealaria  Dupiniana. 
Zone  VIII. — (9  sp.  p.)  Pinna  Utragonuy  Turbo  Jerussatus^  Ampuilaria  lavigaia, 
JStyus  Martini,  Palaocorysie*  BroderipU,  ffoploparia  longinuma,  Otodu*  appmdieulatm. 

Zone  YII. — (7  sp.  p.)  'Hamiies  tubereulaiua,  Mam.  Sablieriy  Gervillia  toknoidety 
Eoetellaria  varteosa,  Bellerophina  minuta. 

Zone  VI.— (6  sp.  p.)  Trochoet/athus  eonulusy  T.  Harvey  anus. 

Zone  V. — (17  sp.  p.)  Ham.  simplex,  Peeten  quinquecostatus,  Actaetm  ajlnis,  Avel- 
lana  injlata,  HostcUaria  Mobinaldina,  R.  earinella,  Jt.  cingtdatay  Aemcea  tenuicosia. 
Turbo  allied  to  Yonninus. 

Zone  IV. — (13  sp.  p.)  Am.  vereieosiatiu,  Rost.  allied  to  pyrenaica,  Pleurotomaria 
Gibbtii,  Cyathina  Bowerbankii,  lidaphodon  breviroetria  (?),  Pycnodua, 
Zone  III.— (2  sp.  p.)  Palaocory»te$  Stokeni. 

Zone  II. — (15  sp.  p.)  Hamiies  eleyans,  H.  armatus,  Kinyana  lima,  Adelia  Bechei. 
Sfbciks  Charactkkistic  of  Lower  Albian. — Belemnites  aitenuatui,   Rontellaria 
earinaU,  R.  Parkinaoni,   TurriteUa  grantdatay  Phatianella  Gatdlina,  Plerocera 
retusa,  Cyelocyathus  Fittoni. 

1  Who  also  obtained  Trochoeyathus  cimulusf;)  from  it.— G.  E.  R. 
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Sr>oni  CiAKionEBTio  or  TTrpsR  DmiiOM.— .te.  BtmlMriii,  rrrfrrrwirrr  tul- 

Mfxa,  ftelmmpt. 
Sriona  CHiucrumno  or  Lowbk  U(d  TTrpnt  Aumt.— J— lifw  rUmdu^, 

nndratela  Mp/tMte,  /iwmrmHM  CMUMfrinM,  Stutim  ptetbtatm,  S.  »ttU,  A  . 

Unrgtitm,  FtHUerimu  FUttni. 

SSCnON  OF  ALBIAH  OB  QAOLT  AT  OOPT  POINT,  70LEEST0NB. 
CENOMAHUN. 


I.  EOM  oOo.  eSltaUii  _ 


J  Cbr  vllh  dirii  pirttBci. 


IT.  )^ne(>f.4H.  I 


3n<Mud.  Im.  OfHuta. 
I  CUj  with  dArk  putin^ 


1.  Bimehariiimia. 


I  Hard  KUB.  Ptntmrrmui  Kttwr 
dnln. 


^n  tH»<rwfa<w. 


<xv 


HvdKWD 

-J-  ^"l 


Tilt.  Zone  of  Cnutaen: 

IX.  Zone  of  am.  owniiw,  V«r.    O 
Ti.  Zoai  <il  Am.  Smrtliaiual    ^ 
XI.  Zona  ot  ^m.  jurirr-iv'iK. 
ZoBe«[y*.  (MniiiiiV'iinf. 


^   APTIAN.    A.  SBIaMnt. 
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Hie  followiiig  Table  exhibits  a  Bummary  of  the  species  oommon 
to  the  Upper  and  Lower  divisions  of  the  Albian  or  Qanlt,  of  those 
peculiar  to  each,  and  of  those  also  which  mark  the  zone  of  Annmomtes 
BemianHi,  or  the  ''passage-bed"  between  the  Upper  and  Lower 
Alhian.  A  list  of  aU  the  species,  with  their  ranges,  will,  I  belieye, 
be  printed  in  the  Soryej  Memoir  on  Sheet  m. 


Plantjb: 

Fucoids  and  wood. 

FORAMIMXrailA. . . . 
BABI4TA : 

Zoophyia   

Eehmodtrmttta .... 
Ankslida 

CmUSTAOBA  : 


MoLLUSOA : 

Braehiopoda  

a,  Monomyaria 

h,  JDymyaria  ,„ 

Oa$teropoda 

Cephalopoda : 

a.  Ammonitidm 

h,  Nautilidm 

e,  BeUmnititUB  

Pisces , 

Bbptilia 


fill 

I'M 


1 

0 

1 

1 

0 

0 
0 
0 

1 

2 
5 
2 

4 
0 
1 
1 
1 


20 


0 
1 

7 
1 
0 

1 
2 
2 

1 

9 

8 

24 

18 
2 
I 
6 
0 


0 
0 

1 
0 

0 

0 
I 
0 

0 
0 
1 
4 

4 
0 
0 
2 
0 


1 
0 

0 
3 
2 

2 
1 

2 

2 
6 
2 
2 

17 
1 
1 
3 
1 


82 


18     I    46 


P.S. — ^The  species  found  in  the  tnie  Oanlt  or  Alhian  of  Black  Yen,  Dorset,  are  those 
of  the  Lower  Diyision. 


Goal  in  New  Zealand. — On  the  suggestion  of  Dr.  Hector, 
Captain  Button,  F.G.S.,  has  been  making  a  survey  of  the  Lower 
Waikato  district  of  the  North  Island.  He  reports  tiiat  there  is  no 
probability  of  finding  a  payable  alluvial  gold-field  of  any  extent, 
but  that  the  district  has  other  deposits  of  value.  The  Tertiaiy 
formation  contains  "  brown  coal,"  having  the  appearance  of  oannel 
coal,  lustrous  and  pitch  black  in  colour,  with  brown  film  in  places. 
It  is  a  hydrous  coal,  still  containing  a  certain  per-centage  of  water, 
but  it  is  found  to  answer  well  in  the  steamers  on  the  Waikato.  It 
bums  with  a  bright,  clear  flame,  throwing  out  an  intense  heat. 
Captain  Hntton  estimates  the  coal  bed  to  contain  140,000,000  tons 
of  coal.  The  whole  can  be  worked  without  pumping  or  any 
mechanical  means  for  raising  it  to  the  surface,  and  therefore  it  can 
be  supplied  at  a  light  cost. 
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y. — ^Thb  Fossil  Iksbots  of  Nobtr  Amxeioa. 

By  Samuel  H.  Souddbb,  Curator  of  the  Moseam  of  the  Boston  Sodetj  of  Natural 

History,  TJ.8. 

THE  discoyery  of  fossil  insects  in  North  Amerioa  is  of  very  recent 
date;  even  now,  scarcely  a  hundred  specimens  have  been 
brought  to  light,  and  they  have  occurred,  with  few  exceptions,  as 
solitary  individuals.  The  Reports  of  State  and  provincial  geologists, 
which  have  added  so  richly  to  our  knowledge  of  the  pal8M)ntology  of 
North  America,  have  hardly  mentioned  these  fossils.  As  descriptions 
of  them  are  scattered  through  many  publications — doubtless  difficult 
of  access  to  English  geologists — ^and  as  most  of  the  specimens 
referred  to  have  passed  under  my  eye,  I  have  prepared  this  general 
re9umi  of  what  is  known  and  have  accompanied  it  with  critical  re- 
marks.* 

The  oldest  fossil  insects  yet  discovered  in  Amerioa — and,  indeed, 
in  the  world— consist  of  a  few  broken  wings  of  Neuroptera,  imbedded 
in  the  Devonian  rocks  of  Lancaster,  New  Brunswick.  The  locality 
— "  Fern  Ledges  " — so  called  by  Mr.  C.  F.  Hartt,  the  discoverer  of 
the  remains,  is  about  a  mile  west  of  the  town  of  Garleton,  not  far 
from  St.  John.  The  rocks  form  a  series  of  ledges,  exposed  on  the 
sea  shore  between  high  and  low  water  marks.  The  beds  of  sand- 
stone and  shale,  of  which  they  are  composed,  have  a  seaward  dip  of 
about  46°  and  a  strike  of  about  W.  10°  N.,  corresponding  very  nearly 
to  the  trend  of  the  shore.  The  fossiliferous  shales  between  the  en- 
closing sandstones  are  worn  away  by  the  action  of  the  water,  leaving 
the  fossils  accessible  in  but  few  places.  The  whole  deposit  is  of  very 
limited  extent ;  it  reaches  along  the  shore  for  about  three  hundred 
and  twenty-five  paces,  exposing  a  thickness  of  strata  of  one  hundred 
and  forty-five  feet,  with  a  width  of  some  three  himdred  feet. 

Mr.  Hartt  has  given  a  detailed  description  of  these  strata,  from 
which  the  following  section,  showing  the  position  of  the  fossil  insects, 
is  derived : — ' 


Sandstones  and  shales 

Calamitet  and  obscure  markings 

23  ft. 

Fine-grained,  light-greenish  shales 

Obscure  markings 

1ft. 

Sandstones  and  coarse  shales 

Cordaites  (two  sp.)  and  FeeopterU 

26  ft. 

"  Plant  Bed  No.  8."  »   Fine  grained, 
tough  but  fissile  sandstones,  rather 
coarse  shales,  often  of  a  ^eenish 
cast,  and,  at  the  top,  a  thin  layer 
of  very  black  shale,  Tery  rich  in 
plants— the  lower  portion  filled 
with  remains  of  plimts  like  the 
leaTes  of  an  herbarium 

Oerdaitet  (three  sp.),  Aateropk^U 
lite*,  AnnulariOy  FitmuUHa,  Ljf- 
copodites,    Cyd^pttria   (two  sp.}, 
^europteriSf  HymtnophyUiteM,  P#- 
copt$ri»  (two    sp.),   Cmrdioearpon 
(three  sp.),  and  sereral  other  un- 
determined plants.  Inbscts  :  jETo- 
mothetus  fostUis,  Dy»critu»  veUU' 
iui,  and  LUhmiomum  Harttu 

IftlOin. 

^  A  short  account  of  these  discoTeries  of  Insect  remains  in  North  Amcnea  was 
given  by  Principal  Dawson,  LL.D.,  F.R.S.,  with  some  figures  of  the  same  in  VoL  IV. 
of  the  Geological  Maoazinb,  September,  1867,  p.  385. 

'  See  Bailey's  Obserrations  on  the  Geology  of  Southern  New  Bninfwick.  Appendiz 
A,  pp.  131-141,  8to.,  Frederickton,  1866. 

i  The  highest  in  the  series.    I  have  rereiaed  the  order  followed  bj  Mr.  Hartt. 
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No  rosailg                                         1  3  ft.       { 

"PUBlBedN-0.7."  SiulM,  .liable 
ID  cluncter,  geDeialljr  grey  aad 

brownish  «  btbii   bUck,  fiaiile, 

Very  rich  in  pluit.  '.  afi-.il*..  ft- 

Amularia.  Pii,H«iaria,  Pnkphg- 
lon.Ife«ro],ltri,.  CythplfrU,  Sph^ 
«Vt>ri,.  ■ffsmtaepAgaHa,  (hrJia- 
carpaa  (tbreo   an.).  AUlUplent, 

aft. 

BudtUaeisdwwTHBhtla 

Abundanoc  of  planl-remaim,  prin- 
cipaUy  Qirdailu  and  CaiamiM 

flft. 

"H«Bt    Bed    No.    S."    (a)    Coarac 
■bile  of  a  ?T«niah'?TeT  colour; 
(4)  «rft.  Terr  friable  sb.le;     (c) 
CMiw  .h.U ;  (d)  fine-gninod  ftod 

(aj  FmptiH,  (two  ap),  CardailM, 
CalamHa,  Jftmvpliris.  Oardiot^r- 
p,»  (two  .p.);     W  few  foarila; 
(e)  (krdaiia,  and  ibinu  of  planta ; 
{d)  OordaiU,  ud  Calamittt 

an. 

MUwihalei 

Fewplairta 

8  ft. 

'■Pl.nl  Bed  No.   6."     8(.fl,   fine- 
g«in»d,  ligll^greem»h  ahole 

jir«  and  HoBVpl^i—alto  Spi- 
nrbit 

Sin. 

Suidrtou 

ObecDre  matUogs 

91ft, 

>' FUnt  Bad  Ko.  4."    CMnethaltt 

Oordaita,    OaUmila,    KnmpUri, 
(two   gp.),    Fiil^hyion,    Finnu- 
taria,    Cardittarjxtn,     and    otbet 
nndeWnnintd  fomu 

lfl~ 

Sanditane  ud  coane  ■holes 

Bsdlj  praierred  renuina 

leift. 

Ugbt-greeiiiili,  cobtk  ituln 

Fetn-Btenn,  OarMIt,,  and  obwnr. 
nukiDgi.  (OiFTsfUAH/) 

Tin. 

SanditoDG  and  coane  ahtles 

Obscure  aurkingi 

S  ft.  10  b. 

Sandftoneaiidabales 

tUmuiUt  and  CbnioVM 

9  in. 

9*aiMU»M 

NofoMla 

1ft.  ID  in. 

Sbala 

ObKuraTcmunaofplaiita 

Jib. 

aift. 

Soft  ibale  aad  SwDe  unditoDe 

aiamitu 

3iin, 

ejft. 

"PLtnt   Bod  No.   3."     BUck  Did 
lod  -  coloured     sbales,    compact 
aboie,  erumblinB  bulow,  IniTEreed 
bj-  thin  quartz  Teim 

AniiMlaria,  FianulnHa,  Ptilcphv- 
toa  (two  sp.),   OwffoiBn,   CVefoif 

(t«o  BpO,  P>c«pltTU,  and  CS.r*»- 
in>r7»n  (two  gp.) 

10  in. 
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Compact,  flaggy  sandstone                  No  fossils 

6  ft.  10  in. 

"PUntBedNo.2."  Shales,  yariable 
in  character,  sometimes  yery  com- 
pact and  hard,  light-lead  coloured, 
slate-like  and  arenaceous;  at  other 
times  Tery  soft  and  fissile  and  of 
a  Tery  bkuik  colour 

< 
Calamitea  (two  sp.),  AtUrophyUites 
(four  sp.),  AnnutariOy  JHnnularia, 
Fnlophyton  (two  sp.),  Cordaitet^ 
Oydopttris  (three  sp.),    Neurop- 
teria  (three  q».),  Sphenopieris  (five 
ro.),  HymmophyUitet  (three  8p.)f 
Peeopteria    (two   sp.^,    THehoma- 
niUs,  Cardioearpon  (two  sp.),  and 
Tngonooarpon ;  also  BurypUrua, 
Amphipeltitf   Drilobita^  and  Spi- 
rorbii.      Insects  :    Oerephemera 
timplex  and  Xenoneura  anttquorum 

1ft. 

Very  soft,  dark,  lead-coloured  shales 

Fragments  of  plants 

4  ft. 

Compact,  flaggy,  grey  sandstone 

Remains  of  plants — Calamite;  etc. 

2  ft. 

Black,  arenaceous  shales 

No  fossils 

11  in. 

Grey  sandstones  and  flags 

Oalamiies,   Cordaitei,    Atierophyl' 
liiett  and  Stemberyia 

2ift. 

*«PhmtBedNo.  1."   Black,  arena- 
ceous shales,  varying  from  a  fissile 
sandstone  to  a  semi-papyraceous 
shale,  very  fine-grained  and  very 
fissile 

— *-, 

Rich  in  plants.    CtUamites^  AtUrO' 
phylliies,  (four  sp.),  Sphmophyl- 
lum^  Feeoptena,  SpheMpteria,  Car- 
diocarpon^  and  FaUophyton, 

1ft. 

These  sandstones  and  shales  rest  immediately  upon  another  series 
of  rocks  consisting  of  heavy  beds  of  grey  Sandstones  and  flags,  esti- 
mated to  be  300  feet  thick. 

This  latter  series  of  rocks  has  been  termed  "Dadoxylon  Sandstone,'' 
while  the  former  series — represented  by  the  •  section — ^belongs  to  the 
"  Cordaite  Shales"  of  the  provincial  geologists.  Together,  they  form 
the  little  river  group  of  Matthev^*  or  Nos.  2  and  3  of  the  Series  given 
by  Dr.  Dawson  in  his  paper  on  Devonian  plants.'  In  other  parts  of 
New  Brunswick,  these  rocks  are  of  much  greater  importance,  the 
Dadoxylon  Sandstones  attaining  a  thickness  of  2,800  feet,  and  the 
Cordaite  shales  of  2,400  feet,  together  with  the  Mispeck  group, 
which  overlies  them,  and  the  Bloomsbury  group,  upon  which  they 
rest,  they  constitute  the  upper  portion  of  the  Devonian  formation. 
The  appearance  of  insects  on  our  globe  is  thus  carried  back  a  whole 
geological  epoch,  and  is  made  synchronous  with  that  of  land  plants. 

Fortunately  no  substantial  doubt  rests  upon  the  declared  age  of 
these  rocks.  Dr.  Geinitz,  indeed,  believes  them  to  be  Carboniferous,' 
but  he  has  based  his  opinion  upon  an  examination  of  a  single  speci- 
men of  one  of  the  insects  which  I  showed  him ;  this  was  accompanied 
by  a  fern  which  he  considered  Cyathites  plumosua  Artia,  and  which  is 
characteristic  of  the  Carboniferous  formation. 

K,  however,  Dr.  Geinitz's  determination  of  this  species  were  cer- 
tainly correct,  it  would  not  invalidate  the  statements  of  geologists 

'  Can.  Nat.  yoI.  yiii.,  p.  244.      '  Quart.  Joum.  Geol.  Soc.  Lond.,  vol.  XTiii.,  p.  S03. 
>  Sitzungsh.  der  Naturh.  Gesellsch.  Isis.   Dresdeni  1866 :  22. 
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who  refer  this  deposit  to  the  Devonian,  for  several  specioa  of  plants 
•re  etatfid  t«  be  common  to  tiiis  formation  and  to  the  CarboniferouB, 

In  evidonco  of  the  Devonian  age  of  tlie  fossils,  wo  have  Dr. 
Dawson's  admirable  papers  upon  the  plant  remains  of  these  bods, 
given  in  the  Quarterly  Journal  of  the  Geological  Society  of  Lon- 
don for  November,  1862,  and  November,  1863.  The  rocks  are 
referred  by  that  distinguished  authority  to  the  Chemung  and 
Portage  group  of  the  New  Yotk  geologistfl.  Furthermore,  the 
group  of  rocks  to  which  this  plant-beoriog  series  of  shales  belongs, 
underlies  unconformably  beds  whose  Lower  Carboniferous  age  is 
nn questionable.  The  Cordaite  shales  of  Lancaster  rest  directly  and 
conformably  upon  the  Dadoxylon  Sandstone,'  but  as  the  shales  are  the 
highest  members  of  the  series  of  rocks  lying  on  the  westerly  side  of 
Courtney  Bay,  we  must  cross  to  the  eastward  to  discover  the  super- 
incnmbeDt  formations. 

The  Dadoxylon  Sandstone  is  composed  of  rocks,  easily  traceable 
throughout  the  province  by  their  uniformity.'  The  overlying 
Cordaite  shales  are  usually  rioli  in  metalliferous  deposits,  and  have 
been  very  carefnUy  explored :  upon  them  rest  conformably,  more 
than  1800  feet  of  rocks,  described  by  Dr.  Dawson'  aa  "dark  rod 
and  greenish  shales :  flaggy  sandstone  sand  grits ;  coarse  angular 
cooglomentte."  They  are  called  tlie  Mispeek  group,  and  considered 
th..'  iqip.'nun^t  mriiib.T  of  tlto  Urvoiiian  H>-rics.  Now  these  latter 
rD']-;>  -nv  iijvcri'l  mni'tylni-iii-iMy  ''y  '■unglonierates,  which  form  the 
very  base  of  the  Carboniferous  formation.*  Special  instancea  mm 
be  cited  in  the  neighbourhood  of  Bed  Head*  and  at  Uartm'B  Head* 

Great  interest  attaches  to  the  insects  themselves :  six  specimeiu 
in  all,'  each  differing  from  the  others,  were  discovered  by  it.  Hartt 
They  are  all  Neuroptera. 

GxBKFHiiiEBA  SIMPLEX  IS  represented  by  a  slight  fragment  on  the 
tip  of  a  wing ;  the  wing  most  have  been  large  and  hroad ;  the  veins, 
distant,  weak,  and  simple.  It  is  apparently  a  member  of  the  fanulj 
of  Ephmterma. 

Pi^TSPHsicERA  ANTiQUA  belongs  to  the  same  family,  although' its 
neoration  is  quite  peculiar,  and  I  have  never  seen  in  a  Ephemerid 
ao  mnch  reticulation  in  the  anal  area;  the  intercalary  nervulee, 
which,  in  I^hemerina,  generally  originate  independently,  arise  here 
from  a  hent  cross- vein,  mnch  as  in  Odonala.    It  is  a  gigantio  species, 

*  Htrtt,  in  Bailej'B  Geolggy  of  Southeni  New  Bronnriok,  p.  13*.  ' 

DavBOD.   Qnvt. 
Jonni.  Geol.  Soc.,  Ixmd.,  1866,  p.  9S. 

*  QflBit.  Joom.  Geol.  Soc.,  Lond.,  1862,  p.  302. 

*  Bailer.  Gealogj  of  Southern  New  Bnuuvick ,  p.  93.  I  hare  been  partJcular 
in  mj  iefenmc«a  to  uithoritiei,  became  if  the  determination  of  these  rocki  prove 
correct,  a  whole  class  of  animals,  hitherto  known  w  early  ai  the  Guboniferon*,  are 
referred  at  once  tn  a  preiious  epoch. 

'  A  brief  notice  of  these  remains  was  giTen  ia  Frofeflsor  Bailejr'B  Geology  of 
Southern  New  Brunswick,  published  io  1B6S,  lod  short  deacriptioDs  and  fibres  UTC 
baaa  furnished  to  Dr.  Dawson  for  the  Dew  ^tion  of  hi*  Acadun  Geologr.  See  alio 
SQL  Amer.  Joum.  Sc.  and  ArU  [2]  xUt.,  p.  116 :  and  Gml.  BUo,,  1867,  ToL  IT., 
p.  386.  PI.  XVU. 
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which  must  have  measured  five  InohaB  in  expanse  of  wings ;  the 
fragment  belongs  to  an  upper  wing,  embracing  all  but  the  base  and 
a  slight  portion  of  the  tip. 

Dysobitus  ystustus  is  represented  by  a  yeij  small  fragment, 
broken  probably  from  the  middle  of  a  wing,  near  the  base,  or 
not  far  from  the  division  of  the  middle  and  anal  areas ;  but,  while 
its  characters  are  dear  enough  to  distinguish  it  with  oertainiy  from 
the  other  specimens,  it  is  impossible  to  determine  either  the  ap- 
proximate  size  of  the  insect  or  the  family  to  which  it  belongs. 

LiTHSNTOMUM  Hakttii  was  the  first  specimen  discovered  by  Mr. 
Hartt  It  is  a  fragment  from  the  oentral  portion  of  the  wing,  giving 
the  extension  of  the  principal  veins  towards  the  base  and  along  the 
costal  border.  Apparently,  it  does  not  belong  to  any  family  of 
Neuroptera  represented  among  living  forms,  but  agrees  more  closely 
with  Hemeristinaj  a  family  which  I  founded  upon  a  fossil  insect 
discovered  in  Illinois,  and  of  which  I  shall  shortly  speak.  It  differs 
from  Hemeristina  both  in  the  mode  of  divisicm  of  the  nervures  and 
in  the  peculiar  cross-veining  of  the  wing,  and  probably  comes 
between  that  foimily  and  the  Stalina.  I  think  that  the  fragment  is 
a  piece  of  the  lower  wing,  and  that  the  insect,  when  expanded, 
probably  measured  about  three  and  a  half  inches. 

HoMOTHBTUS  FOSsiLis  is  represented  by  the  greater  portion  of  the 
upper  wing ;  although  it  is  in  a  mutilated  condition  we  can  determine 
the  extent  and  character  of  every  principal  nervure.  At  first  sight, 
it  seems  to  be  an  abnormal  member  of  the  SidUna,  but,  in  reality, 
it  is  the  representative  of  another  new  family,  synthetic  in  nature, 
combining  features  of  the  Odonata  and  Stalina,  These  latter  families 
are  members  each  of  different  groups,  and  are  thought  by  some 
naturalists  to  belong  to  different  orders.  The  feature  which  bears 
the  strongest  resemblance  to  the  Odonaia,  and  which,  in  fact,  has 
never  been  noticed  in  any  other  family,  is  a  heavy  cross-vein  near 
the  base  of  the  wing,  between  the  two  principal  middle  nervures, 
from  which  cross-vein  new  prominent  veins  take  their  rise. 

XsNONEURA  ANTiQuoBUM  is  the  last,  and  perhaps  the  most  interest- 
ing, of  all  these  fossils.  It  is  the  basal  fragment  of  a  wing,  smaller 
than  those  which  we  have  mentioned,  expanding  probably  about  two 
inches ;  the  neuration  is  peculiar  throughout,  so  that,  like  the  two 
preceding  specimens,  it  must  represent  a  new  family  of  Neuroptera, 
The  most  striking  peculiarity  is  the  development  of  apparently  inde- 
pendent veinlets,  forming  portions  of  concentric  rings  at  the  base  of 
the  wings.  There  is  nothing  analogous  to  it  among  living  Neuroptera, 
and  I  can  only  compare  it  to  the  stridulating  organ  of  some  male 
saltatorial  Orthopteron.  Is  it  possible  that  this  insect  was  a  member 
of  a  group  forminga  synthetic  type  between  OrthopteraajidNeuropieraf 
The  Carboniferous  formation  has  yielded  several  localitiea  <^  fossil 
insects  in  America. 

One  of  these  insects  was  described  and  figured  by  Professor  Leo 
Lesquereux*  under  the  name  of  Blattina  vsnusta.    It  is  the  upper 

1  Owen*8  Second  Report  of  a  Oeoloncal  Reconnoiflsance  of  the  Middle  md  Boadieni 
Countiefl  of  ArkaoMi,  p.  814,  pi.  t.,  %.  11.,  8to.    Philadelphis,  1860. 
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wing  of  a  cockroach,  and  was  fonnd  in  the  Coal  Measures  of  Frog 
Bajou,  Arkansas,  TTie  following  section,  which  I  owe  to  the  favour 
of  M.  Lesquereux,  will  give  an  idea  of  its  stratigraphical  position  : — 


Millstone  Grit 

200-300  ft. 

Shale  with  OordaiUt  and  wing  of  inteet 

2  ft. 

Frog  Bajon  Coil 

2  ft. 

Sandstone  with  SigiUarim  Stigmariat  eto. 

12  ft. 

1st  Archimedes  Limestone 

30  tL 

Snb-Garboniferons  Sandstone 

80  ft. 

2nd  ArchimedflH  Tdmestone 

20  ft. 

An  upper  wing,  quite  similar  to  the  foregoing  in  general  appear- 
ance, was  recently  discovered  by  Mr.  James  Barnes  in  the  coal 
measures  of  Pictou,  Nova  Scotia.  It  differs  from  Blattina  ventuta  in 
the  curve  of  the  costal  border — affecting  the  direction  of  nearly  every 
vein  in  the  wing — as  well  as  in  the  extent  and  direction  of  the 
mediastinal  vein  and  in  the  distribution  of  the  veins  in  the  anal  area. 
Nor  does  it  agree  even  generically,  so  far  as  I  can  determine,  with 
any  of  the  fossil  cockroaches  enumerated  by  Giebel  in  his  Fauna  der 
Vorwelt,  so  that  I  have  considered  it  the  type  of  a  new  genus. 
Through  the  favour  of  Dr.  Dawson,  I  have  been  permitted  to  examine 
this  fossil.  It  will  be  described  and  figured  under  the  name  of 
Archimulackis  acadicus  in  the  forthcoming  edition  of  his  Arcadian 
Geology. 

Several  years  ago,  a  wing — possibly  of  the  same  species — was 
found  at  the  Joggins,  Nova  Scotia,  by  Professor  Marsh,  of  New 
Haven.  According  to  his  recollection,  it  was  similar  in  appearance 
to  Lesquereux's  Blattina^  but  it  was  packed  away  at  the  time  of  its 
collection,  and  has  never  since  been  examined. 

Mr.  Barnes  has  discovered  another  wing  of  very  great  interest ;  it 
was  obtained  in  the  Coal-measures  at  Schooner  Pond,  Cape  Breton, 
on  Ross's  Lease,  two  feet  above  a  seam  of  coal.  Dr.  Dawson  kindly 
sent  me  a  photograph  of  the  wing;  it  will  be  described  in  his 
Arcadian  Geology  under  the  name  of  HAPLOPHLEBruM  Barnesh. 
The  wing  is  quite  well  preserved,  although  the  base  is  not  present 
and  a  portion  of  the  apex  is  concealed  by  a  fern  leaf ;  it  is  very  long 
and  narrow,  giving  an  expansion  to  the  insect  of  fully  seven  inches. 
The  extreme  simplicity  of  the  neuration  probably  places  this  insect 
among  the  Ephemerina,  although  the  form  of  the  wing,  and  the  reti- 
culation which  appears  vaguely  on  the  photograph,  recall  the 
Odonata ;  other  features  of  the  wing  resemble  the  Odonata,  and  it  is 
not  impossible  that  Haplophlebium  forms  a  synthetic  type,  combining 
essential  characters  of  Odonata  and  Ephemerina, 

*  See  also  Sill.  Araer.  Joum.  Sc.  and  Arts.  [2],  xliv.,  p.  116. 

{To  he  concluded  in  our  nexl,) 
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YL — On  OKRTAm  Natubal  Pits  nr  the  Nkiqhboubhood  of  Bipon. 

By  the  £by.  J.  8.  Tutb. 

FAB  the  city  of  Bipon,  on  both  sides  the  river  Ure,  but  more 
particularly  on  the  eastern  side,  there  are  a  great  number  of 
natural  pits,  probably  fifty  or  sixty,  the  origin  of  which  appears 
to  be  very  obscure. 

They  chiefly  occur  in  groups  of  two,  three,  or  four,  in  the  lowest 
beds  of  the  New  Bed  Sandstone,  and  the  overlying  drift-gravel ; 
but  there  are  some  also  in  the  Magnesian  Limestone.  Their  general 
form  is  crater-like,  with  a  diameter  of  40  to  100  feet,  the  sides 
having  a  slope  of  about  30^.  But,  in  one  instance  (marked  e  on 
the  plan),  the  pit  consists  of  a  perpendicular  shaft  about  30  feet 
in  width  and  60  in  depth,  cut  through  the  New  Bed  Sandstone. 
Here  the  gravel  l>ed  is  very  thin.  In  another,  close  to  this  one,  the 
crater-like  hollow  terminates  in  a  sandstone  shaft,  which  is  nearly 
filled  with  water.  In  a  third,  a,  the  sides  of  the  pit,  which  occurs 
in  the  Magnesian  Limestone,  are  perpendicular  on  one  side,  but 
slope  gradually  down  to  the  bottom  on  the  other.  The  limestone 
is  thinly-bedded,  and  in  small  slabs,  dipping  evenly  to  the  east, 
about  6^. 

Plajv  Exhibiting  the  Localities  of  the  Pbincipal  Pitb. 

^-  ^-  ^y-  The  crater-like  form  of  these 

pits  is  evidently  due  to  the  fall- 
ing in  of  the  sides  when  a  pit 
Button  has  occurred  beneath  the  gravel ; 
conyera.  though  in  what  manner  the  pits 
themselves  have  been  formed 
is  very  difficult  to  understand. 
That  they  are  due  in  some  way 
to  the  action  of  water  is  pro- 
bable, as  they  seldom,  if  ever, 
sharrow.  occur  more  than  half  a  mile 
from  the  river ;  and  several  of 
them  now  contain  water.  The 
Magnesian  Limestone  in  the 
neighbourhood  is  ftdl  of  cracks, 
and  swallow-holes,  and  subter- 
ranean passages.  If  any  of  the 
overlying  rock  gave  way,  this 
would  produce  rather  irregular 
subsidences,  than  such  regu- 
larly formed  pits  as  these  are.  The  structure  of  the  New  Bed 
Sandstone  will  be  imderstood  best  from  the  following  copy  of  a 
well-sinker's  report  of  a  well  sunk  28J  yards  deep,  very  near  to 
the  pit  marked  d : — 

"  After  .cutting  through  the  soil,  which  is  not  very  thick,  a  soft 
Randy  red  rock,  10  feet  thick,  was  penetrated,  and  then  a  layer  of 
soft  marly  clay,  about  10  inches  thick.      These  clay  layers  occur 
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about  erexy  10  feet  of  rock.  The  rock  was  much  harder  as  the 
ifaaft  descended,  and  alternated  red  and  white.  The  rock  is  not 
kid  in  horizontal  layers,  but  is  what  well-sinkers  call  Eddy-Boch ; 
md  not  all  inclining  one  way,  but  crossing  one  another  with  great 
iir^olarity,  and  at  various  angles  of  descent" 

l%ree  of  these  pits  have  been  formed  in  the  memory  of  persons 
now  living.  The  one  marked  a  fell  in  about  six  or  seven  years  ago. 
A  deigyman,  who  happened  to  be  near  at  the  time,  told  me  that  he 
was  standing  by  tiie  river  side  with  some  boys  watching  two  men, 
who  were  fishing,  when  they  heard  a  noise  like  thunder ;  and  looking 
nnmd  in  the  direction  of  the  noise,  they  saw  a  mass  of  earth  and 
itones  rising  into  the  air,  and  then  falling  down  again.  One  of  the 
men  went  near,  and  found  that  the  rock  had  fallen  in,  and  a  pit  had 
been  formed  about  30  feet  in  depth,  at  the  bottom  of  which  there 
was  a  quantity  of  water  in  a  state  of  ebullition.  The  water  con- 
tinued in  this  agitated  state  during  the  following  day,  and  afterwards 
giadoally  sunk.  At  present  the  pit  is  dry,  and  partially  filled  up 
by  the  falling  in  of  one  side. 

Another  pit,  6,  fell  in  about  twenty-two  years  ago  with  a  con- 
siderable noise,  alarming  the  inmates  of  a  neighbouring  house, 
from  which  it  is  only  separated  by  a  road,  but  otherwise  doing  no 
barm.  It  is  crater-like,  having  occurred  beneath  the  gravel,  and  is 
now  planted  as  an  orchard.  The  pit  marked  c,  mentioned  above, 
fell  in  about  forty  years  ago.  It  contains  water,  but  in  dry  seasons 
this  LB  nearly  all  drained  away,  and  the  rock  is  laid  bare  at  the 
bottom. 

These  pits  are  also  of  frequent  occurrence  in  the  parish  of  Hutton 
Conyers ;  there  are  Heveral  in  Sharrow,  and  one  in  Bishop  Monkton, 
three  miles  south  of  Rijwn,  which  was  formed  between  thirty  and 
forty  years  ago,  near  the  Old  Hall.  Some  men  had  been  engaged 
in  making  a  stack,  and  had  left  it  for  some  purpose,  when  suddenly 
the  ground  gave  way  beneath  the  stack,  and  it  disappeared.  The 
place  still  exists,  a  receptacle  for  rubbish. 

Perhaps  some  of  the  readers  of  the  Geological  Magazine  will 
h%  able  throw  a  little  light  upon  the  manner  in  which  these  singular 
pits  have  been  probably  formed. 


ISrOTICES      OIF      3^E3^0II^S- 

On  Leskia  MiRABiLis  (Gray).     By  Prof.  S.  Lovkn. 

Commimicated  by  Br.  Christian  Lutken,  Assistant  Zoologist  in  the  Museum  of 

the  University,  Copenhagen. 

THIS  little  paper,  inserted  in  the  **  Proceedings  of  the  Koyal 
Swedish  Academy"  for  1867,  well  deserves  the  atteution  of 
palaBontologists,  though  its  principal  aim  is  to  re-describe  a  little- 
known  recent  Sea-Urchin  froui  the  Eastern  Seas,  because  tliis  animal 
throws  a  peculiar  light  on  certain  important  points  in  the  morphology 
of  Cystidea.     It  is,  moreover,  distinguished  by  all  the  ingenuity. 
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aoomacy,  and  profound  knowledge  wbidi  is  peculiar  to  the  works  of 
the  celebrated  ScandinaYian  zoologist 

The  genus  Leskia  is  described,  in  1851,  by  Dr.  J.  E.  Gray,  in  the 
"Annals/'  and  subsequently,  in  1855,  in  the  ''Catalogue  of  Becent 
Echinida/'  from  specimens  from  Lugard,  in  Mr.  Cummings'  colleo- 
tion.  It  is  most  intimately  allied  to  the  SpcUangida,  of  which  it  has  the 
general  stamp,  but  is  distinguished  from  them,  and  therefore  the  type 
of  a  peculiar  family  (Leskiada  Gray)  or  tribe  {PaUtostowuUa  Loven) 
by  the  peristome  and  periproct  being  closed  up  with  a  few  '*  trian- 
gular converging  valves,"  those  of  the  vent  with  some  small  ^'spicula" 
in  the  centre.  Dr.  Gray  has  already  remarked  that  '^  in  the  form  of  the 
mouth  and  vent  it  has  considerable  affinity  with  the  fossil  Cystidea, 
especially  the  genus  Eekinospharitei,^*  The  detailed  description  given 
by  Ptof.  Loven  quite  confirms  this  remarkable  combination  of  feei- 
tures ;  the  characters  assigned  to  the  *^  PalaosUmuUa'^  are  as  follows: 
testa  offtformii,  peristomium  rum  laMatum,  pentttgimttm,  aquUcUeralef  ore 
qtunqueraliSf  antis  intra  periprostium  eentraliaf  valffis  elansur  quinque- 
ocio ;  aperttircB  genitales  hina ;  semita  unica  peripetala,^^  Le$kia  is  a 
true  Spatangoid,  save  the  mouth  and  the  vent;  the  latter,  instead  of 
being  surrounded  by  a  threefold  circle  of  minute  plates,  the  greater 
and  outermost,  has  only  5,  7,  or  8  great  triangular  outer  plates,  and 
an  equal  number  of  minute  inner  papillse.  The  peristome  is  not 
bilabiate  with  a  prominent  under-lip,  nor  is  it  formed  principally  by 
the  ambulacral  plates ;  it  is  pentagonal,  and  bordered  almost  exclu- 
sively by  the  interambulacralia ;  there  is  no  buccal  membrane  covered 
with  three  to  five  series  of  irregular  plates,  decreasing  inwards,  but 
the  mouth  is  closed  up  by  five  equal  triangular  plates,  inserted  on 
the  five  sides  of  the  peristome.  ''No  living  Echinid  has  such  a 
mouth  f^  but  the  author  thinks  that  the  genus  ToxcLster  of  the  "  Neo- 
cromien  Inferieur,"  whose  peristome  was  pentangular,  not  labiate 
might  possibly — ^though  the  configuration  of  its  mouth  somewhat 
more  approaches  to  that  of  the  true  Spatojngtda — have  had  a  similar 
organization. 

In  the  Silurian  Cystidea  again,  we  find  precisely  the  same  structure 
as  in  the  recent  East  Indiim  Sea-urchin,  viz.,  in  the  commonly  so- 
termed  "ovarian  pyramid,"  which,  after  the  opinions  of  Gyll^ihal, 
Wallenberg,  Pander,  Hisinger,  de  Koninck,  and  Billings,  is  really  the 
mouth,  whilst  von  Buch,  with  some  inconsequence,  makes  it  the  mouth 
of  Caryocrimis,  but  the  genital  outlet  in  the  other  Cystidea,  and  Job. 
Miiller  and  Volborth  sought  the  mouth  in  the  centre  of  the  converg- 
ing ambulacral  furrows.  The  remarkable  observations  on  Spharomtes 
pomum  and  Echinoycharites  aurantium,  by  means  of  which  Prof. 
Loven  draws  the  conclusion  that  Leskta  is  a  Spatangoid  with  the 
mouth  of  a  Oystidean,  we  will  give  with  his  own  words. 

"  Good  specimens  of  Sphceronites  pomum  Gyll.,  collected  by  Prof. 
Angelin,  show  its  organization  more  distinctly  than  usuaL  He  had 
observed  that  this  animal  had  no  sialic,  but  adhered  immediately  to 
rocks  or  other  objects  through  a  part  of  its  lower  surface,  which  is 
without  pores,  and  surrounded  by  a  ridge  formed  of  Uie  somewhat 
thickened,  free,  smooth  border  of  the  undermost  plates.    This  sur- 
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fae  of  MmSbmait  is  of  a  tbtj  variable  form  and  extension  in  diffe- 
mt  neoiiiiena,— ^xoiind  and  but  little  excavated  in  some,  oblong  and 
deep  u  blli0ny---depend]ng  upon  the  natnie  of  the  object  to  which 
k  adhered.    On  the  point  opposite  to  this  basal  snriaoe  lies  the 
apex  "with  the  ambolacml  appaiatoa.    In  the  middle  a  somewhat 
ioflpmfid  aiea  d,  throogh  which  five  delicate  but  distinct  ambnlacnl 
hiiuifa  paaa  towards  five  arma,  whoae  bases  form  a  drde,  which 
kywieTiBr  is  broken  at  i^  one-fifth  of  its  eiicumferenoe.    Where 
Ae  fianovm  reach  the  arma,  they  vnll  be  seen  to  pass  into  an  oblong 
U0  09  which  is  the  Imnen  of  the  broken  furrow  of  the  lost  arm ; 
is  every  remaining  arm-base  yon  will  see  an  indication  of  the 
JM^TwAwg  of  the  aims  and  of  the  central  channels  of  the  branches. 
(lose  iro  to  the  ambalaoral  circle  lies  the  "  pyramid''  or  month  a, 
dosed  by  its  fi^e  Talves  of  Qnequal  dimensions,  two  of  them  are 
on  one  side  in  order  to  give  space  to  the  two  adjoining 
arms,  which  are  lees  than  the  others,  and,  as  it  werCi 
crippled,  the  right  by  its  Tioinity  to  an  oral  vbIto,  the  left  by  an 
ippantns  6,  that  cannot  be  interpreted  otherwise  than  as  an  ex- 
tomal  genital  organ.    When  it  ia  tolerably  well  preserved,  it  is 
conicaiy  with  a  rounded  apex,  without  any  terminal  aperture ;  for 
vestimi  of  TalTes  I  have  sought  in  Tain,  but  in  two  specimens  I 
{bund  the  two  pores  indicated  in  the  figure.    From  this  organ  a 
ridge  t  runs  towards  the  next  arm,  suggesting  the  idea  of  the  possi- 
ble existence  of  a  ''  madreporite."    The  centre  of  the  brachial  appa- 
ratus forms  with  the  genital  organ,  and  tho  oral  orifice  a  compressed 
but  only  slightly  inequilateral  triangle.     In  EcMnosphcsrttes  auran^ 
tkm  the  relative  position  of  these  parts  is  the  same,  but  the  triangle, 
which  they  form  with  each  other,  is  much  larger,  longer,  and  more 
inequilateral,  because  the  distances  are  greater,  especially  that  of  the 
month  from  the  ambulacral  apparatus,  which  is  correctly  described 
and  delineated  by  Volborth  and  Joh.  MtLller.    Close  to  this  is  seen 
the  other  *' orifice,"  viz.,  the  external  genital  organ.     All  specimens 
that  I  have  examined  have  this  so-termed  ''orifice"  in  such  a  con- 
dition that  it  most  likely  is  the  remnant  of  a  prominent  broken  part, 
and  it  must  be  assumed  that  in  this  species  also  it  had  a  conical 
form,  but  remained  mainly  in  the  surrounding  stone-matrix.     Yol- 
borth's  figure  (Ueber  die  Bussischen  SphaBroniten,  x.  ix.  f.  9)  appears 
to  be  correct,  but  gives  no  complete  evidence  as  to  the  presence  of 
the  three  valves."     That  the  ''pyramid,"  which  in  Leskia  is  the 
armature  and  covering  of  the  mouth,  is  the  same  thing  in  Oyetidea, 
is  now  quite  certain ;  in  the  last-named  group  it  was,  doubtless,  also 
the  vent     The  mouth  does  not  lie  where  J.  Milller  and  Yolborth 
sought  for  it,  viz.,  in  the  centre  of  the  ambulacral  furrows ;  and  the 
organ,  interpreted  as  the  vent  by  Yolborth  and  von  Buoh,  is  more 
correctly  regarded  as  an  external  sexual  organ." 

It  is  not  my  intention  to  criticise  the  various  interpretations 
of  the  morphology  of  Cystidea  given  by  different  authors,  or 
to  trespass  on  the  space  here  allowed  me  by  a  detailed  examina- 
tion of  all  the  questions  entangled  with  them.  But  should  I 
venture  to  express  any  humble  opinion  of  my  own  on  this  important 
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point  in  the  morphology  of  Ecfttnodermato,  I  mnst  first  confess  that 
hUkerto  I  have  been  very  sceptical  as  to  the  theory  advocated  so  very 
ingeniously  by  Mr.  Billings  and  now  upheld  by  Mr.  Loven.  The  con- 
cordance between  these  two  authorities  is  nevertheless  not  so  great 
as  would  be  supposed — ^that  the  "  pyramid"  was  the  mouth  of  the 
O^tiidea,  and  that  this  orifice  accorduigly  would  lie  elsewhere  than 
in  the  centre  of  the  ambulacral  system,  where  it  lies  in  aU  Umng 
Echinoderms  and  (I  may  add,  where  it  did  lie,  I  have  no  doubt,  also 
in  the  Palaeozoic  Crinoids,  where  no  superficial  ambulacral  channels 
are  to  be  seen,  but  where  they  pursued  their  way  on  the  if^eriar 
surfiMse  of  the  ''vault"  through  the  "ambulacral  orifices"  at  the 
base  of  the  arms, — as  shown  by  Mr.  Billings,  with  whose  re- 
searches [see  Decades  GeoL  Survey  of  Canada]  I  was,  I  regret,  un- 
acquainted when  I  wrote  my  paper  on  Pentacrinus,  etc.)  I 
know  no  other  exception  to  this  rule,  and  would  it  not  be  a 
dangerous  thing — not  be  done  without  very  strong  arguments — 
to  give  up  the  leading  principle  of  Palaeontology,  viz.,  that  only  from 
the  organization  of  the  living  form  can  we  learn  to  understand  that  of 
the  exUnet  f  Might  we  not  thus  too  often  run  the  risk  of  giving 
up  ourselves  to  the  delusions  of  fancy.  When  we  remember  how 
minute  and  concealed  the  mouth  often  is  in  recent  Crinoids,  we 
should  not  be  puzzled  at  its  being  almost  or  quite  invisible  iafosnU; 
and  if  we  should  search  for  the  interpretation  of  an  orifice,  closed  by 
a  definite  low  number  of  triangular  valves,  will  not  several  recent 
Eehinida  (EchinocidartSy  Echinametra  arhacia;  Leshia  itself,)  give 
us  the  answer,  that  such  an  aperture  could  (at  least)  be  a  vent  f  Nor 
can  I  well  conceive  that  an  aperture  should  altogether  &il  to  exist  in 
the  centre  of  the  ambulacral  system  of  CysHdea,  How  otherwise  could 
the  ambulacral  vessels  communicate  with  the  interior  ?  And  if  such 
an  orifice  must  be  assumed  (though  it  be  often  obliterated  and  hidden 
in  the  fossils),  why  should  not  this  "apical"  or  "cmibulacral 
orifice"  be  also  the  mouth  as  in  Asterida  and  recent  Crinoids,  and 
the  valvular  orifice  be  the  vent,  analogous  to  the  "  proboscis"  of  the 
Palaeolithic  Crinoids*  or  the  "oral  tube"  of  the  living?  The  supe- 
riority of  size  of  the  presumed  mouth  is  not,  as  Mr.  Billings  thinks, 
a  very  good  argument  Has  not  the  oral  tube  in  many  of  our 
recent  Crinoids  {Anieden,  Actinometra,  Pentacrinm)  the  same  pre- 
ponderance over  the  minute  buccal  orifice  ?  Nor  has  the  repeated 
revision  of  the  published  descriptions  of  other  CysUdea,  accessible  to 
me,  convinced  me  of  the  correctness  of  a  theory,  according  to  which 
the  mouth  would,  in  many  instances,  lie  very  far  from  the  arms, 
sometimes  nearer  to  the  base  (the  stalk  or  point  of  attachment)  than 
to  the  apex  of  the  calyx.  The  argument  deduced  in  later  times  from 
the  presumed  existence  of  five  similar  peristomatic  valves  in  the 
recent  Pentacrini,  I  have  elsewhere  had  the  opportunity  of  refuting* ; 
no  such  hard  "  clapets"  are  to  be  seen  in  P,  MuUeri^  and  until  their 

^  The  analogy  between  the  Talynlar  aperture  of  Caryoerinus  and  the  "  proboecia"  of 
Crinoids  is  also  argued  by  Mr.  Billings  (Dec.  No.  p.  14. 

'  Cm  Yestindiens  Pentacinen,  p.  206  (YidempeL  Meddel.  f.  d.  Natuihift  Fosvujut, 
1864). 


^wS»    On  Zestia  MinMSa. 


Fig.  I.  MoDth,  asd  tdjouiMie  pirti  of  Zwiu.  «,ir„Mi,,  Gnj.    Tig.  2.  Tmt  of  Ih. 
ThB  .p«i  or^^Afrm.(«i«w.iBit,  Gjll.     (a.)  The  mnwh.     [*.)  The  ™ital  »rL_' 
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existenoe  is  proved  in  other  recent  Pentoertm,  I  must  doubt,  or  rather 
den jy  their  existence  at  all  I  ^  On  the  other  hand,  I  must  confess  that 
matters  are  considerably  altered  by  these  highly  valuable  investiga- 
tions of  Prof.  Loven,  who,  for  the  first  time,  supports  this  theory  with 
strong  (perhaps  convincing)  arguments.  It  is  now  no  longer  a  mere 
hypothetical  supposition — ^hitherto  it  was  in  reality  no  more— but  a 
real  scientific  explanation,  borne  out  by  well-established  facts  and 
undeniable  analogies  from  living  forms.'  To  Dr.  Gray  we  certainly 
owe  the  first  intimation  of  this  analogy  between  Leskia  and  Cystideay 
but  while  the  knowledge  of  that  genus  rested  on  a  single  examination, 
there  might  still  linger  some  doubt  whether  its  importance  in  this 
respect  had  not  possibly  been  overrated.  Science,  therefore,  must 
be  highly  indebted  to  Profr  Loven  for  his  small  but  valuable  memoir, 
and  for  the  excellent  observations  laid  down  in  it.  The  absolute 
denying  of  the  existence  of  an  apical  orifice  in  that  place  where,  in 
other  Cystidea  at  least,  such  an  orifice  was  always  believed  to 
exist,  is  particularly  recommended  to  the  attention  of  future 
investigators  of  Cystidea,  as  bearing  upon  the  very  heart  of  the 
question.     Adhtu:  sub  judtce  lissit ! 

[Note. — For  a  very  able  account  of  the  internal  structure  and 
passages  in  Actinocrinns,  Amphoracrinus,  Cyathocrinus,  BhodocrtnuSj 
Pentremites,  and  Codonaster,  see  Memoir,  by  John  Bofe,  Esq.,  F.G.S., 
in  Gkol.  Mag.,  Vol.  II.  p.  246,  Plate  Vm.     1865.]— H.  W. 


New  Amebioan  Fossil  Fish  prom  the  Devonian. 

(Communicated  by  Professor  G.  H.  Hitchcock,  of  Lafayette  College,  Geologist  to 

the  State  of  Maine,  etc.) 

AT  the  late  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science,  Professor  J.  S.  Newberry,  LL.D.,  described 
a  new  genus  of  fossil  fishes.  The  specimens  were  obtained  from 
the  Devonian  Black  shales  of  Delaweire,  Ohio,  by  the  Rev.  H. 
Herzer,  and  named  Dimchthys  Herzeri,  inasmuch  as  the  animal 
deserved  the  same  distinction  among  fishes  as  the  Dinotherium  and 
Dinomts  among  mammals  and  birds.  Most  of  the  bones  obtained 
belong  to  the  head,  which  was  over  three  feet  long  by  one  and  a  half 
broad,  and  wonderfully  strong  and  massive.  All  parts  of  the  head 
were  represented,  and  there  were  several  individuals  among  the 
specimens.  The  cranium  is  composed  of  a  number  of  plates  firmly 
anchylosed  together,  and  strengthened  near  the  occiput  by  internal 
ribs  or  ridges  nearly  as  large  as  one's  arm.  The  external  surface  is 
covered  with  a  very  fine   vermicular  ornamentation.      The  most 

1  Prof  Loven  told  me  himself  that  daring  his  last  stay  in  Paris  he  succeeded  in 
getting  access  to  the  original  specimen  of  Mr.  Dushascaing,  in  the  collection  of  the 
uUe  Mr.  Michelin.   It  did  not  show  the  five  valves,  heeause  it  had  no  peristome  at  all ! 

s  To  these  analogies  might  he  added,  that  hetween  the  valves  of  Qyttidsmukd  thon 
of  the  jouDg  (Urral)  Antedon. 
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marked  peouliarity  in  the  anatomical  Btructure  relatee  to  the  form 
ud  texture  of  the  jawB  and  t«etb,  best  understood  by  the  annexed 
figoxeB. 


"He  head  terminate  anteriorly  and  above  in  two  grrat  inoiaon, 
representing  the  premaxillaiy,  behind  which  on  either  side  are 
the  maxill&riea,  broad,  flattened,  dense  bones,  along  the  lowei 
edge  of  which  is  set  one  row  of  small  robust  teeth,  formed  by  the 
consolidation  and  prolongation  of  the  jaw-tissue,  lie  mandibles  ate 
OTor  two  feet  long  by  six  inches  deep,  laterally  flattened  and  yery 
mMsiTe.  The  anterior  extremity  was  tumeJ  up  in  a  huge  triangular 
tootli  composed  of  dense  irory-like  tissue,  which  locked  in  with 
the  divergent  incisors  of  the  upper  jaw.  Behind  this,  in  some 
specimens,  is  another  triangular  summit,  and  posterior  to  it  a 
row  of  small  teeth,  corresponding  with  those  of  the  maxillariefc 
Such  was  the  power  of  this  tremendous  dental  apparatus,  that  the 
bodies  of  our  largest  living  fishes  would  be  instantly  pierced  and 
crushed  by  it,  if  exposed  to  its  action.  Behind  the  heaid  are  large 
tliick  plates,  one  of  them  corresponding  to  the  oi  tncA'um  dorat  of 
the  SeteroilcM  of  Pander,  and  being  at  least  of  equal  size.  These 
bones  occur  exclusively  in  concretions. 
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in — .Nkw    Cabbonitesous    Beptiles    and    Tishes   fbom    Ohio, 

KENTUCKTy    AND  ILLINOIS. 

(Communicated  by  Professor  C.  H.  Hitchoook,  of  Left jette  College ;  Geologist  to 

to  the  State  of  MaiDe,  etc.) 

AT  the  late  meeting  of  the  American  Association  for  the  advance- 
ment of  Science,  Professor  J.  S.  Newberry  exhibited  and 
described  specimens  of  reptiles  and  fishes  from  the  Cannel 
stratum  beneath  the  principal  coal  bed  at  Linton,  Ohio;  fishes 
&om  the  Coal  Measures  of  Illinois,  collected  by  the  State  Geologist; 
and  fishes  from  bituminous  shale  in  the  Waverly  group,  125  feet 
above  its  base  at  Yanceburg,  Ey.,  collected  by  Ihr.  Patterson.  Of 
these  the  first  series  included  Baniceps  LyeUi,  Wyman,  and  others 
undescribed,  partly  related  to  Prof.  Huxley's  new  genera  Opkider' 
peton  and  JJrocordylus,  Twenty  species  of  fish  accompanied  these 
reptiles,  among  which  are  eight  species  of  Eurylepis,  Newb.,  small 
Lepidoids  allied  to  P<daoniscu8,  distinguished  by  having  the  scales 
of  the  sides  much  broader  than  long.  The  scales  on  several  of  the 
species  are  very  highly  ornamented.  These  specimens  were  gilded 
by  iron  pyrites.  Some  specimens  of  Ckelacanthua — two  species — 
indicated  the  presence  of  a  supplementary  caudal  fin,  as  in  UndineL, 

This  is  an  interesting  fact,  confirmatory  of  Huxley's  view  of  the 
relations  of  Undina,  Macropama,  and  CcBlacanthuM,  The  numerous 
and  very  complete  specimens  of  Codacanthua,  exhibited  supply  much 
that  was  wanting  to  a  perfect  knowledge  of  the  anatomy  of  the  genus. 
The  bones  of  the  head  are  similar  in  form  to  those  of  JIf ocropoma,  highly 
ornamented  with  tubercles  above  and  thread-like  lines  below.  The 
jugular  plates  are  double,  and  oblong-elliptical  in  outline,  as  in 
Undina  and  Macropoma.  The  position  and  form  of  the  fins  is  the 
same  as  in  Undina,  but  the  anterior  dorsal  is  stronger.  The  fins 
are  supported  on  palmated  interspinous  bones,  similar  to  those  of 
the  other  genera  of  the  family.  The  paired  fins  are  slightly  lobed ; 
the  supplemental  caudal  has  been  referred  to.  The  scales  are  orna- 
mented with  ciirved  and  converging  raised  lines.  In  many  specimens 
the  otolites  are  distinctly  visible. 

Besides  the  fishes  found  at  Linton  already  enumerated,  there  are 
scales  and  teeth  of  two  species  of  Bhizodus — one  at  least  of  which 
(B,  angusiua)  has  teeth  of  two  forms,  the  one  lai^  and  flattened,  the 
other  smaller,  more  numerous,  slender,  striated,  and  conical,  with  a 
circular  section  throughout :  two  species  of  DiploduSy  consisting  of 
bony  base  and  enamelled  crown,  the  latter  distinctly  and  beautifidly 
serrated — so  that  there  can  scarcely  be  a  question  that  they  were 
teeth,  and  not  as  claimed  by  Mr.  Atthey,  of  Newcastle,  England, 
to  be  dermal  tubercles.  There  are  also  examples  of  PaliFanisau 
scuUgerua,  Newb.,  one  species  of  Pygopterua,  one  of  MegalielUhya 
represented  by  scales,  and  numerous  species  of  placoid  fishes  of  the 
genera  Compaacanthua  and  Pleuracanthua. 

The  fish  remains  from  Illinois  consisted  of  a  splendid  specimen  of 
Edeatea  voraxy  Leidy,  from  the  coal  at  BeUevUle,  opposite  St  Louis, 
and  of  several  individuals  of  a  new  species  of  PlatyaomuB  from  Mason 
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ek.  Tlie  JB&slet  is  allied  to  a  fine  qpeooBen  from  Indiana^  figured 
hren'a  F^JaBontology,  p.  124, 2nd  ed.,  and  there  properly  referred 
iie  spine  of  a  Plagiostome.  FlaJU^onMs  has  not  been  found  in 
erica  before. 

lie  fish  remains  firom  the  Waverly  sandstone  are  from  a  new 
ison,  haling  famished  a  single  species  in  Northern  Ohio,  FaUto* 
M  A-otacrm.  The  new  specimens  consist  of  teeth  of  (Hadodnu 
Orodm$,  with  ^ines  of  CtenacanihuB,  and  the  tail  of  one  of  these 
kdiians  distinctly  preserved.  This  is  a  great  rarity,  as  the  soft 
eren  the  cartilaginous  parts  of  plagiostomous  fishes  are  usually 
imposed,  leaving  only  the  detached  teeth,  spines,  and  dermid 
9rcka.  The  only  other  similar  cases  known  to  the  author,  are  the 
and  fins  of  a  Chondroiteus  from  the  Lias  of  Lyme  Begis,  and  the 
lervation  of  the  form  of  Thydina  in  the  Solenhofen  slates.  These 
omens  are  from  the  base  of  the  Carboniferous  series,  and  therefore 
ch  older  than  the  European  examples.  This  tail  is  very  heterooeroaL 
>  the  caudal  fin  of  some  living  sharks,  and  indicates  an  animal 
en  or  eight  feet  long.  The  author  hopes  to  be  able  to  gather  firom 
i  ooUection  the  data  for  uniting  many  teeth  and  spines,  now 
cribed  as  distinct  genera,  into  the  same  species. 


CHKRCHXS    G60LOGIQUES    DANS    LE8    PARTIES    DE    LA    SaVOIE,    DU 
PliMONT    ET    DE     LA     SuiSSE     VOISINES     DU     MoNT-BlaNO.       AveC 

in  Atlas  de  32  Planches.    Par  Alphonse  Favre,  Professeur  de 
jrtologie  h  rAcademie  de  Geneve.     Paris,  Victor  Masson,  1867. 

HIS  work,  by  M.  Alphonse  Favre,  upon  the  geological  structure 
of  the  mountains  and  valleys  surrounding  Mont  Blanc,  consists 
three  volumes,  containing  in  all  1,488  pages,  and  is  the  result  of 
t  labours  of  a  large  portion  of  the  life  of  a  praiseworthy  follower 
his  distinguished  countryman  de  Saussure,  and  is  a  fidl  illustration 
his  previously  published  remarkable  Geological  Map  of  this 
;ion.  By  exhibiting  numerous  features  and  structural  details  in 
tions,  and  other  illustrations  of  the  physical  relations  of  the  rocks, 
1  by  bringing  to  bear  on  them  those  lights  of  palceontology,  which 
re  unknown  to  de  Saussure,  and  in  which  his  contemporaries  and 
mtrymen  Pictet  and  Loriol  have  been  so  distinguished,  he  has 
itly  extended  and  improved  the  original  sketch  by  his  great 
ster. 

Ajuy  geologist,  who,  leaving  for  the  first  time  the  shores  of  Lake 
man,  may  have  attempted  to  reduce  to  anything  approaching 
Bsified  order  the  various  broken  rock-masses  which  sun'ound  Mont 
inc,  must  have  found,  to  bis  discomfiture,  that  they  wore  composed 
countless  fragments  of  dififerent  sorts,  thus  presenting  a  confused 
emblage,  which  seemed  to  defy  methodical  arrangement.  But, 
th  time  and  patience,  and  through  a  succession  of  researches  in 
I  eastern  parts  of  the  great  chain  where  the  natural  formations. 
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particularly  the  older,  are  more  expanded,  and  have  been  less 
subjected  to  disturbances  and  change,  the  time  has  now  oome,  when 
even  this,  the  most  complicated  tract  of  the  whole  diain,  is  to  a 
great  extent  laid  open  with  clearness. 

The  Alps,  as  a  whole,  have  onl  j  in  truth  been  brought  into  a  true 
geological  order  of  succession  by  a  long  series  of  patient  investiga- 
tions, particularly  during  the  last  forty  years,  as  carried  out  by  a 
number  of  hard-working  geologists,  of  all  countries ;  and  M.  Favre 
has  now  accomplished  for  his  portion  of  the  chain  that  which  Pro- 
fessor Studer  has  more  particularly  elaborated  for  the  great  central 
or  Swiss  masses  of  the  range. 

In  the  last  century  the  chain  of  Mont  Blanc,  with  its  flanks,  was 
viewed  as  of  primitive  age,  and  this  error  has  been  dispelled  by  the 
successive  labours  of  nimierous  explorers.  Among  these  Brochant 
led  the  way  in  1808  in  his  able  work  on  the  Tarentaise,  wherein  he 
showed  that  a  great  part  of  the  supposed  primary  rocks  were  of 
Neptunian  or  sedimentary  origin,  including  rocks  of  Carboniferous 
and  Liassic  age ;  and,  long  after  M.  Elie  de  Beaumont,  extending  his 
excellent  Q^ological  Map  of  France  into  Savoy,  showed  the  vast 
extension  of  the  Liassic  deposits. 

In  correlating  the  disjecta  membra  of  the  chain  of  the  Alps  as  a 
whole  with  their  true  equivalents  in  less  disturbed  regions  of  the 
globe,  our  countrymen  have  also  played  a  fair  part.  In  1820,  Buckland, 
after  a  summer's  tour,  boldly  dashed  off  his  general  views  as  to  the 
great  ^'  Alpine  Limestone,"  representing  in  its  range  most  of  the 
Secondary  rocks ;  and  though  necessarily  very  incomplete,  these 
generalisations  were  at  the  time  striking  evidences  of  the  power  of 
that  eminent  geologist.  ^ 

But  of  all  the  earlier  English  writers  on  the  structure  of  the  Alps, 
no  one  threw  so  much  light  on  the  Savoyard  portion  of  the  region 
as  Bakewell.  In  his  "Travels  in  the  Tarentaise"  (1820-22),  this 
author  not  only  instituted  comparisons  with  known  British  forma- 
tions, but  he  clearly  showed  that  chemical  changes  took  place  on 
a  stupendous  scale  by  the  transmutation  of  mountain  masses  of 
stratified  limestone  into  gypsum  and  dolomites. 

In  1827,  Murchison  hit  off  an  exact  definition,  which  remains 
correct  to  the  present  day,  by  showing  on  the  southern  flanks 
of  the  Alps,  north  of  Bassano,  the  existence  of  a  regular  order  of 
succession  from  the  massive  Oolitic  of  Jurassic  rocks  of  the  chain 
through  the  Cretaceous,  the  latter  being  symmetrically  flanked  by 
the  Nummulitic  and  younger  Tertiary  deposits  of  the  north  of  Italy. 

In  the  meantime,  struggling  with  considerable  difficulties,  Bou6 
had  been  constructing  maps  and  descriptions  of  large  portions 
of  the  Austrian  Alps,  which,  considering  the  want  of  good  geo- 
graphical materials,  did  that  indefatigable  geologist  infinite  credit^ 
Sedgwick  and  Murchison  explored  together  a  large  portion  of  those 
same  Austrian  Alps  in  1829,  and  were  so  far  successful,  whilst  dis- 
puting (not  always  with  justice)  some  of  the  conclusions  of  Bou^, 

^    Annals  of  Philosophy. 

^    Boa6  was  the  first  to  publidi  a  geological  map  of  Sootlandi  amo  18S0. 
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ai  to  ledooe  to  lymiiietrioal  order  a  large  tract  of  the  Seoondaiy 
looks  noirili  of  and  aroimd  Salzbnig,  and  to  exhibit  in  regular  order 
tte  aoooeaaion  of  the  Seoondaiy  and  Tertiary  rooks  in  their  eaatem- 
moat  extremity,  where  the  Alps  die  away  into  the  plains  of  Siyria.^ 

From  BQoh  efforts^  and  particalarly  from  the  excellent  researdhes 
of  Leopold  Yon  Bnoh,  Bone,  Stnder,  and  others  whioh  followed,  the 
true  order  was  gradually  extended  to  the  more  oomplicated  region 
of  the  west,  in  several  parts  of  which,  where  oomplioated  Grystal- 
line  rocks — whether  igneous  or  metamorphic — most  abound,  other 
dutingauhed  Qerman  geologists  besides  von  Bnoh  had  been  for 
many  years  occupied. 

Among  the  Frendi  geologists,  no  one  had  more  distinguished 
liwnfttif  tham  M.  £lie  de  Beaumont  in  elaborating  the  effeots  of  the 
great  intrusions  of  granitic  and  other  igneous  rooks  in  the  Western 
Alps,  and  in  explaining  the  abnonnal  position  into  which  the 
original  deposits  had  been  thrown.  In  me  same  way  von  Buoh, 
who  wandered  during  many  a  year,  on  foot,  through  all  the  recesses 
of  tlie  Alps,  has,  in  his  maps  and  writings  left  behind  him  frequent 
prooft  of  the  e£foots  produced  by  granites  and  porphyries  upon  the 
sedimentary  deposits  whioh  they  have  invaded.' 

Bnt  to  no  school  of  geologists  who  have  been  working  out  the 
original  symmetry  of  the  Eastern  Alps  have  we  been  more  indebted 
of  mte  years  than  to  the  Austrians,  who  have  succeeded  in  assigning 
to  some  of  the  great  central  calcareous  masses  of  the  chain  their 
places  in  the  geological  series  much  more  exactly  than  was  pre- 
viously known,  and  to  delineate  them  in  detailed  and  well  finished 
maps,  published  under  the  direction  of  the  Imperial  Royal  Geological 
Institute,  presided  over  by  its  veteran  leader,  Haidinger.*  The 
dear  proofs  of  the  existence  of  the  Trias,  and  its  calcareous  centre, 
the  Muschelkalk,  though  long  ago  indicated  by  von  Buch,  is  one 
of  the  great  recent  trophies  of  those  Austrian  geologists. 

But  passing  from  this  rapid  glance  at  the  methods  by  which  a 
general  acquaintance  with  the  structure  of  the  whole  chain  has  been 
attained,  we  return  to  the  consideration  of  the  mountains  and  valleys 
around  Mont  Blanc.  It  is  this  region,  so  broken  and  so  complicated, 
and  which  seemed  to  bafiie  the  industiy  of  that  accurate  mineralogicsl 
geologist,  Necker  de  Saussure,  which  M.  Alphonse  Favre  has  described ; 
and  his  task,  we  are  bound  to  say,  has  been  accomplished  in  a  masterly 

1  The  Geological  Map  of  the  Eastern  Alps  (TraiiB.  Geol.  8oc.  2nd  Series,  toL  iit* 
p.  S6)  which  comprised  the  result  of  these  and  other  researches,  was  ezecated  hy 
Jlorcliison  after  the  lahonr  of  three  summers.  It  exhibited  the  real  order  of  succes- 
sion then  known  (1831),  from  the  axial  and  oldest  rocks  to  the  secondary  and  tertianr 
dqxMits  on  either  flank  of  the  chain.  See  2nd  ser.,  toL  iii.,  pi.  85,  in  the  Trans.  GeoL 
Soe.,  with  dncription  thereof.    See  Sedgwick's  explanatory  preamble. 

*  See  particuhirly  the  Maps  of  the  Alps  published  by  Martin  Sehropp  ft  Co.,  Berlini 
which  are  essentially  the  results  of  the  labours  of  Ton  Buch. 

>  To  obtain  a  just  appreciation  of  the  Talue  of  the  labours  of  the  Austrian 
geologists,  it  is  only  necessary  to  inspect  the  sheet  (No  6}  of  the  remarkable  ffeneral 
liap  of  the  Austrian  Mouarcny,  by  Uerr  k.  k.  Director,  Dr.  Franx  Bitter  fon  Haner. 
in  which  the  Tarions  rocks  or  the  Tyrolese,  Milanese,  and  Venetiui  Alps  are  defined 
by  48  distinct  eolours  and  signs. 
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manner.*  kls  it  was  said  of  de  Sanasore,  who  first  grappled  with  the 
physioal  obscurities  of  this  region,  that ''  he  was  one  of  the  men  privi- 
leged hj  Providenoe  to  trace  the  road  to  new  conquesls,"  so  we  may 
say  of  his  comitryman  and  successor,  Alphonse  Favre,  that  in  follow- 
ing his  great  master  he  has  wrested  from  this  complex  region  many 
important  revelations  unknown  to  his  predecessors.  To  take  one 
striking  example  of  his  successes,  nothing  can  be  more  creditable  to 
iiim  than  the  clear  and  skilful  explanations  and  diagrams  with  which 
he  has  taken  a  leading  part  in  clearing  up  the  long  mooted  question 
as  to  whether  or  no  the  fossil  plants  of  the  old  Carboniferous  period, 
in  Haute-Maurienne,  and  at  Petit  Coeur  in  Savoy,  lived  on  to  the 
age  of  the  Lias ;  it  being  now  generally  admitted  that  the  strata  of 
these  two  widely  different  formations,  having  been  accidentally  col- 
located, have  been  so  twisted  up  by  convolutions  as  to  appear  to 
belong  to  one  and  the  same  geologiccd  mass.' 

On  the  other  hand,  the  candour  with  which  the  author  acknow- 
ledges a  mistake  in  his  earlier  researches,  by  which  he  placed  a 
Secondary  limestone  above  the  Kummulitic  rocks,  is  so  ingenuous, 
that  we  quote  the  passage  as  a  valuable  reminder  to  all  working 
geologists,  who  well  know  that  during  their  career  they  wiU  have 
to  acknowledge  many  such  an  error.  ^*  Mais  ce  qui  me  console  (says 
he)  d'etre  class^  parmi  ceux  que  les  terrains  des  Alpes  ont  entrain^ 
&  faire  certaines  confusions,  c*est  la  nombreuse  et  bonne  soci6t6  dans 
laquelle  je  me  trouve"  (vol.  ii.  p.  33).  So  numerous,  indeed,  are 
the  points  of  confusion,  that  no  historian  of  the  geological  succession 
in  the  Alps  can  perform  his  task  rightly  and  completely,  if  he  has 
only  viewed  the  complicated  region  so  well  examined  by  M. 
Favre.  In  it  there  do  not  exist  any  recognizable  Palsaozoio  rocks 
of  higher  antiquity  than  the  Carboniferous ;  and  of  these,  portions  only 
of  clearly  defined  zones  are  to  be  here  and  there  detected  among  the 
crystalline  and  metamorphic  masses  of  the  broken  ridges.  It  is  a 
region,  in  short,  without  any  recognizable  fundamental  rocks; 
the  lowest  and  axial  masses  being  disguised  by  heat  and  change. 
Hence  it  follows  that  if  in  the  Cenixal,  and  particularly  in  the  Eastern 
and  Central  Alps,  the  disarranged  strata  had  not  been  reduced  to 
order,  and  the  real  Palssozoic  succession  recognized,  the  geological 
history  of  the  whole  chain  would  have  had  no  true  beginning.  In 
other  words,  had  it  not  been  already  shown  that  in  those  Eastern 
Alps  there  existed  Silurian,  Devonian,  and  Carboniferous  animal 
remains,  the  key  to  a  true  historical  succession  of  the  whole 
chain  would  not  have  been  obtained.  Yet,  though  the  work  in 
question  deals  with  the  most  broken  and  complicated  portion  of 
'die  chain,  the  manner  in  which  M.  Favre  has  unravelled  this  record 
does  him  infinite  credit. 

M.  Favre  gives  also  a  very  complete  summary  of  every  contribution 

^  See  alBO  a  just  and  highly  feTonnible  estimate  of  this  work  as  fig^^  hj  ProfesBor 
Stader,  in  Archives  des  Sciences  Physiqnes  et  Natnrelles,  No.  121,  Fefrier,  1S66. 

'  In  the  opinion  of  the  geologists  of  the  Geological  Society  of  Franoe  wlio  visited 
this  tract,  the  views  of  M.  Favre  were  iiilly  sustained ;  and  the  area  of  dbservatioa 
considerably  extendad.~See  finll.  QeoL  Soo.  de  France,  vol  xzii.  p.  69, 1864-6. 
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of  knowledge  by  other  authors  to  hii  finronrite  portion  of  the  Qhain, 
fiom  the  daj8  of  de  SaoBsiire  downwards ;  and  all  those  who  ha^ 
oontriboted  their  notioes  among  this  mnltitade  of  observations  have 
been  oaiefbUy  and  honourably  qnoted.^  Among  English  geologists,  he 
oifeee  Murohison,  as  having  in  company  with  M.  Fillet  disoovered 
tn»  fossiliferoQS  Upper  Chalk  at  Thones,  east  of  the  Lake  of  Anneqy; 
and  he  gives  indeed  a  section  published  in  the  Quarterly  Journal 
of  the  Qeologioal  Society,*  wnidi  our  countryman  dwelt  upon, 
as  one  oi  the  several  proo&  to  establish  the  generalisation,  that 
Chalk  with  chaiaoteristio  fossils  and  wholly  void  of  Nummulites 
vested  on  a  series  of  the  Lower  Cretaceous  rocks,  and  was  re- 
gnlsatly  superposed  by  masses  of  Nummulitio  Limestone;  and 
followed  by  "  Madgno  Alpin,"  or  ''  Flysch,"  which  he  also  observed 
in  more  eastern  ranges  of  the  chain,  as  well  as  in  the  Apennines. 

In  parts  of  ^  region  north  of  Mont  Blanc  the  Secondary  rocks  have 
been  here  and  there  developed  (particularly  at  Mont  Saleve),  and  M. 
Favre  disentangles  their  various  members  from  the  breaks  and  con- 
tortions to  which  they  have  been  subjected,  and  so  assigns  to  eabh 
the  fossil  remains  by  which  they  are  recognised,  that  we  feel  we  are 
following  a  skilful  pilot  throu^  a  devious  labyrinth.  As  regards 
these  Western  Alps,  no  organic  remains  have  been  found  beneath 
the  lias  except  numerous  plants  of  the  palsBOzoic  Carboniferous  era. 
For,  although  M.  Favre  applies  the  term  of  "  Trias"  to  a  great  thick* 
ness  of  crystalline  and  sub-crystalline  rocks  which  lie  between 
the  Lias  and  the  CarboniferouB,  these  strata  have  not  as  yet  afforded 
any  of  those  fossils  which  in  the  Eastern  Alps  so  clearly  characterize 
the  Trias  with  its  numerous  Muschelkelk  remains. 

The  English  reader  will  find  the  divisions  of  the  strata,  from  the 
upper  portion  above  the  Oolitic  series  ('*  Oolite  Corallienne"),  de- 
scribed under  the  Cretaceous  divisions  of  Yalangian,  Neocomian, 
Uigonian,  or  Lower  Greensand,  their  fossils  being  well  defined  and 
figured  by  M.  Loriol  and  the  author.  It  has  been  long  since  ascer^ 
tained  that  these  Cretaceous  deposits,  including  those  of  Gk)8au, 
which  abound  so  greatly  in  the  more  eastern  parts  of  the  Alps,  and 
are  particularly  distinguished  by  large  Nerineae,  Tomatellss,  the 
Diceras,  and  shells  of  a  Cerithium  form,  belong  really  to  the  Creta- 
ceous group,  though  nearly  forty  years  ago  they  were  at  first  referred 
to  a  supra-Cretaceous  age,' — an  opinion,  however,  which  was  long  ago 
abandoned.  In  a  word,  we  commend  this  work  of  M.  Favre  as  entitled 
to  a  place  of  honour  in  all  scientific  libraries,  if  only  to  show  the  vast 
difficulties  which  have  been  overcome  in  bringing  great  masses  of 

>  In  proof  of  the  assidaovi  labour  with  which  M.  Farre  has  ransacked  ererj  scrap 
of  writing  respecting  this  Alpine  region,  it  may  be  stated  that,  in  his  history^  of  the 
Carboniferous  rocks,  he  refers,  in  one  long  chapter  thereon,  to  eighty  anthonties  who 
hare  published  on  the  subject ;  and,  of  Enfflish  geologists,  he  cites  the  names  of 
Bakewell,  Buckland,  Buckman,  Bunbury,  De  la  Beche,  James  Forbes,  W.  Hamilton, 
L.  Homer,  Lyell,  Murchison,  Playfair,  &c. 

*  Vol.  T.,  p.  186.  In  this  work  Sir  R.  Murchison  expresses  his  deep  obligations  to 
Canon  Charoonset,  of  Chambery,  as  well  as  to  M.  Fillet,  for  the  accurate  Imowledge 
he  obtained  in  company  with  them. 

*  Bee  Sedgwick  and  Murchison,  Trans.  GeoL  Soc.  2nd  Series,  foL  iiL  p.  SOI. 


192        Bmews — AlpA.  Ibvr^s  Geological  Researches 

Buoh  varied  lithological  character  into  anything  like  a  reg^ular  dajEHifi- 
oation. 

Yet,  after  all,  the  author  candidly  indicates  how  much  still 
remains  to  be  done  before  every  mass  of  the  Western  Alps  can 
be  assigned  with  precision  to  its  normal  equivalent  in  the  undisturbed 
regions  of  the  world.  Thus,  his  inferences  as  to  the  age  of  the  supposed 
oldest  stratified  rock,  the  Protogine  of  Mont  Blanc,  are  of  an  enquiring 
rather  than  a  conclusive  character.  Many  pages  are,  indeed,  devoted  to 
the  development  of  his  theoretical  views  of  granite  having  been  formed 
in  an  aqueous  maAner,  though,  in  adopting  this  view,  he  admits  that 
granite  was  a  decomposed  subterranean  lava ;  and  as  sub-aerial  lavas 
also  contain  water,  we  do  not  appreciate  the  value  of  this  subtle  dis- 
tinction. But  apaxt  from  this  theory,  when  he  states  his  belief,  that 
granites  were  formed  in  this  wise  during  veiy  early  or  ante-palseozoic 
eras,  hia  hypothesis  seems  untenable  when  we  consider  the  conflict- 
ing  evidences  with  which  this  troubled  region  abounds,  and  wherein 
no  true  sedimentary  rock,  as  proved  by  in&aposition  and  fossils,  is 
older  than  the  Carboniferous  era.  It  is  a  region,  we  repeat,  void 
of  a  recognizable  base, — the  Laurentian,  Cambrian,  Silurian,  and 
Devonian  rock^,  and  even  the  Carboniferous  limestone,  having  here 
no  representatives  with  fossil  animal  remains;  and  believing  that 
the  granitiform  and  porphyritic  rocks  of  the  Alps  are,  geologically 
eqpeaking,  of  no  high  antiquity,  we  demur  to  the  assumption  that 
they  can  be  connected  with  earlier  geological  times. 

If  we  follow  the  author  along  his  mountain  walks  among  the 
highest  Alps  of  Maurienne  and  the  little  Saint  Bernard,  and  see 
how  he  recognizes  the  complete  overthrow  of  formations  of  great 
dimensions,  in  so  crystalline  a  state,  we  see  that  the  distinction 
between  what  used  to  be  known  as  igneous  and  aqueous  rocks  is 
in  many  places  almost  evanescent-.  For,  whether  we  side  with  bim 
or  not  in  his  belief  in  the  sedimentary  origin  of  many  of  these 
quasi-stratified  granitiform  masses,  we  have  before  us  sufficient 
proofs  of  disturbance  to  account  for  the  grand  fan-shaped  arrange- 
ments and  convolutions  involving  great  overthrows,  which  he 
describes,  to  say  nothing  of  the  stupendous  rents  and  fractures 
which  abound  in  this  tract 

Even  when  he  is  treating  of  his  only  reaUy  recognizable  funda- 
mental  formation  in  these  Western  ^ps, — tibe  strata  containing 
old  coal  plants, — we  see  how  this  formation  is  irregularly  followed 
by  distinct  superincumbent  secondary  formations  in  different  parts 
of  the  chain.  Thus,  the  so-called  ''Trias"  is  nowhere  characterized 
as  in  the  Eastern  Alps,  by  possessing  its  true  central  Muschelkalk 
fossils.  On  the  contrary,  it  is  composed  of  highly  schistose  aud 
crystalline  masses  with  gypsum  and  dolomitic  limestone.  And, 
as  if  to  render  the  confusion  greater,  in  a  vast  portion  of  this 
western  chain,  particularly  in  the  Maurienne  and  Savoy,  even 
this  equivalent  of  the  Trias  is  wanting ;  and  the  Lias  and  Jurassic 
rocks,  with  their  fossils,  are  not  only  placed  at  once  in  contact  with 
the  Carboniferous  rocks,  but  the  two  are  convoluted  in  so  many 
rapid   plications,  that  eminent  geologists  have  been  unaUe   to 


dissever  them  stratigrapliicallj.  Kay,  we  even  fliare  Me  llie  Mim- 
mulitic  i-ouks,  which  in  parts  of  the  chain  uo  ^oaAj  snperinipoHd 
upoD  fossiliferoufi  Chalk,  pass  Qader  all  these  older  rooks,  whetiwr 
Secondary  or  CarboiiiforouH  1 

Now,  one  of  the  great  merits  of  M.  Favre  is,  that  he  has  pslieii^ 
sod  diligently  followed  out  many  of  eiich  folds  and  iiiTenioiia  iB 
the  heart  of  these  mountains,  aud  hm  been  able  to  assign  to  them 
their  relative  places  ;  but  still  tliero  are  many  lofly  portions  (^  the 
fliiam  lespeoting  vhioh  great  nnoertainty  still  exists  as  to  the  relatiTe 
age  of  some  rooks  vhioh  most  geolc^ists  consider  to  be  metamoiphio. 

bt  oondosion,  we  recommend  the  work  of  U.  Favre  as  a  capital 
■tg4y  for  those  nimble  oUmbers  of  the  higher  parts  of  the  chain,  whot 
igooiii^  nearly  ernythingbuttbesupe^oialacciuniilations  ofsnowi 
ioe,  and  glaoien,  go  aiofl  to  catch  li^t  and  shadows,  air-effeots,  and 
ckad-viewB.  Withont  snch  preliminary  study  they  can  have  little  or 
no  oonoeption  of  the  physioal  and  menbit  toil  whi<di  the  geologist  his 
vB&ergpaam  nnravelllng  the  complicated  strata  of  which  the  peakqd, 
Ae  gnarled,  and  the  roonded  monnUun^masBes  are  respectively  formed 
— oomplications,  indeed,  repeated  in  breaks,  twistings,  and  crumpling 
most  <tt  which  were  suooeasiTely  brongbt  about  in  ages  long  hefon  a 
flake  of  snow  fell  upon  the  rising  Alps.  And  upon  &s  point, 
too,  the  gUoierist,  as  well  as  tiie  geologist,  will  find  in  the  fint 
volnme  of  M.  Favre's  book  many  excellent  and  original  data  illus- 
trative of  the  more  recent  periods  at  which  the  glaciers  have  shot 
off  mnch  detrital  matter,  and  of  the  relatioDS  of  such  dSma  lo  the 
existing  valleys  and  river-courses. 

No  one  con  doubt  that  the  snowa  and  glaciers  of  the  Alps,  in 
melting  and  moving  ainoe  the  earliest  glacial  period,  have  deepened 
valleys  on  highly  inclined  planes,  have  lowered  peaks  and  abraded 
sorfaoes  of  considerable  magnitude.  But  he  who,  exaggerating  the 
power  of  these  comparatively  recent  causes,  says,  in  his  atmospheric 
and  glacierist  pride,  that  they  have  carved  out  the  great  valleys  and 
have  determined  the  main  outlines  of  the  chain,  overlooks  &» 
indubitable  effects  of  the  grand  subterranean  forces  which  tru^ 
gave  in  very  early  ages  a  leading  impress  to  the  broadly  marked 
features  of  mountain  and  valley — features  which,  however  sinoe 
modified  by  atmospheric  agencies,  have  never  been  obliterated,  and 
which  are  as  eternal  as  the  snows  and  glaciers  of  the  Alps  are,  iji 
a  broad  geological  sense,  casual  and  ephemeral.' 

In  short,  the  glacierist  who  has  not  worked  out  the  evidences  of 
tlieM  great  subterranean  changes,  and  reasons  upon  present  fonns 
and  outiines  of  nature,  must  fiist  learn  his  lesson  respecting  internal 
and  original  structures,  before  he  oan  pretend  to  reason  on  this  broad 
and  complicated  question.    To  all  such  persons  we  commend  the 

'  It  it  in  the  flnt  Tolnme  of  the  voik  of  M.  Fstts,  that  the  reader  will  And  how 
he  eliMinstea  &uni  e*ch  other  the  Tuioiu  auperQcisl  depotiti,  banning  vitb  what  he 
calli  the  eccamiiUboni  of  the  plain  and  the  depoaite  of  the  Rhone  and  ita  teading 
•fflneDla.  He  then  deseribea  the  Qnaternaiy  Depoeite,  oonsiiting  of  recent  aUnTina, 
torace  depositiwith  lenuuDi  ofextisot  animala,  glacier  detritoi,  and  itill  older  maiiM 
iggOKtm,  with  bgnile. 
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study  of  this  work  of  M.  Favre,  and  its  nameTons  illnstrative 
diagrams.  For  he  shows  clearly,  that  the  great  Talleys  and  lake 
basins  are  greatly  due  to  original  geological  impress.  Adopting  this 
view,  he  has  ably  refuted  the  theory,  that  the  depression  of  the  Lake 
of  Geneva  could  have  been  due  to  erosion  by  ice,  that  cavity  having 
been  a  necessary  and  confluent  depression  accompanying  the  great 
contiguous  upheaval  of  the  centred  mountains,  as  indicated  by  de 
Saussure.^ 

Nothing  indeed  can  more  strongly  support  the  original  view  of  that 
great  man,  as  worked  out  by  Favre,  that  the  main  outlines  of  the 
Alps  are  due  to  subterranean  influence,  than  the  following  aphorism 
or  law  of  Studer,  derived  from  a  life-long  study  of  his  native  country, 
Switzerland,  and  which  M.  Favre  puts  in  these  words : — 

"  Toutes  les  fois  que  les  couches  en  forme  de  C  ont  le  dos  toume 
aux  Alpes,  les  couches  anciennes  sent  &  Texterieur  et  les  couches 
modemes  k  Tinterieur,  et  r^ciproquement,  toutes  les  fois  que  les 
couches  en  forme  de  C  ont  le  dos  toum^  en  dehors  des  Alpes,  les 
couches  anciennes  sont  ^  Tinterieur  et  les  couches  modemes  a  Tex- 
t^rieur."     (Vol.  ii.) 

The  question  of  the  greater  or  less  permanency  of  the  older  ex- 
ternal features  of  the  earth,  as  due  to  subterranean  geological  action, 
has  indeed  been  recently  brought  into  discussion  among  British 
geologists  by  an  appeal  to  the  stratified  crystalline  rocks  of  the 
Central  and  Western  Highlands  of  Scotland  by  the  Duke  of  Argyll. 
On  this  point,  however,  it  may  at  once  be  observed,  that  no  two 
regions  of  the  earth  present  greater  differenoes  in  lithological  and 
geological  structure  than  the  Highlands  of  Scotland  and  the  Alps. 
In  the  former,  the  great  and  central  mass  consists  of  Lower  Silurian 
rocks,  for  the  most  part  crystallized,  and  occupying  highly  inclined 
and  convoluted  positions,  they  rest  quite  unconformably  on  the  older 
Cambrian  and  Laurentian  rocks  of  the  west  coast,  the  latter  having, 
indeed,  an  entirely  divergent  direction  to  the  others.'  Now  all  the 
old  crystalline  rocks  of  the  great  central  region  are  uncovered  by  any 
Secondary  or  Tertiary  rocks,  or  indeed  by  any  trace  of  their  former 
existence ;  such  deposits  being  only  known  to  have  occurred  on  the 
centre  and  western  flanks  of  this  primeval  chain.  In  the  Western 
Alps,  on  the  contrary,  as  has  been  shown,  no  recognizable  Palaeozoic 
rocks  exist  below  the  Carboniferous,  «uid  these  are  surmounted  by  a 
variety  of  Secondary  and  Tertiary  deposits,  some  of  which  reach  to 
the  highest  summits,  and  are  often  in  a  metamorphosed  and  crystal- 
line state.  Now,  whilst  the  geologist  has  to  ferret  out  amidst  such 
varied  rocks,  the  movements  from  beneath,  which  have  given  to  the 
Alps  their  main  configuration,  it  is  the  rocky  simplicity  of  tlie 
Central  Highlands,  and  the  character  and  appearance  of  the  ancient 
rocks  there  rising  everywhere  to  the  surface,  which  have  led  the 
able  author  of  the  "  Reign  of  Law"  to  express  his  opinion,  that  when 
those  metamorphosed  and  crystalline  Lower  Silurian  rocks  assumed 
their  main  outlines,  they  were  in  a  folded,  broken,  hardened,  and 

1  See  M.  Fayre's  letter  thereon  to  Sir  R.  Morchison,  Phil.  Mag.,  March,  1866. 
s  See  Siluria,  4th  Edit  Froatispiece,  Map,  and  pp.  24, 163. 
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erystaltine  form;  and  that  this  aboriginal  outline,  remaining  to  a 
TMt  extent  peisistent  to  the  present  day,  baa  given  and  etiU  pre- 
servee  to  tbat  conntiy  tbe  chief  features  of  its  oonfignration ;  1.6.,  its 
gnmd  fiords  and  lakes,  its  main  valleys,  and  its  mountain  ridges. 

This  memoir  was  prepared  to  oppose  the  ingenious  views  of 
Mr.  Archibald  Geikie,  in  his  attractive  and  highly  popular  work,  the 
**  Scenery  of  Scotland  viewed  in  connection  with  Physical  Qeology." 
In  it  Mr.  G«ikie  points  out,  that,  as  the  troughs  or  barrier-riiaped 
strata  often  constitute  the  summits  of  lofty  mountains,  and  that  as  the 
deep  valleys  are  often  the  seat  of  great  axial  lines,  so  it  follows  that 
vast  masses  of  once  intervening  and  connecting  strata  must  have  been 
removed  by  erosion.  This  great  erosion  be  attributes  to  long^KX)n- 
tinued  atmospheric  agencies  during  countless  ages,  including  the 
action  of  glaciers,  and  the  melting  of  the  great  sheets  of  snow  aud  ice 
which  during  the  glacial  period  rendered  Scotland  a  region  like  the 
modem  Greenland. 

But,  leaving  the  theoretical  questions  of  Scottish  Geology  to  be 
worked  out  on  their  own  merits,  we  know,  as  regards  the  Alps,  that 
Studer,  f^vre,  and  indeed  all  those  geologists  from  the  days  of  de 
Sanssure  who  have  best  studied  the  chain,  are  of  opinion,  that  most 
of  the  deep  depressions  and  Alpine  lakes  (which  are  either  at  right 
angles  to,  or  parallel  to  the  general  direction  of  the  rocks)  are  mainly 
due  to  former  subterranean  movements,  though  doubtlessly  much 
modified  in  subsequent  ages  by  atmospheric  agencies,  and  particularly 
by  the  action  of  glaciers,  snow,  ice,  and  waters  descending  upon  steep 
declivities. 

When,  therefore,  we  see  how  the  consideration  of  the  inner  struc- 
ture of  the  Alps  has  been  passed  over  by  some  casual  visitors,  who 
seek  to  account  for  much  of  the  main  outlines  of  the  earth  by  external 
agencies,  and  who  have  gone  so  far  as  even  to  refer  to  ice  action  the 
excavation  of  these  deep  cavities  and  lake  basins,  which  to  practical 
native  geologists  and  other  able  and  observant  thinkers  are 
manifestly  due  to  older  geological  forces,  we  fall  back  on  the  ex- 
clamation of  one  of  the  sturdiest  veterans  among  Alpine  explorers, 
ihe  late  Leopold  von  Buch,  who,  when  the  extreme  glacier  doctrines 
were  coming  into  fashion,  and  were  tending  to  obliterrate  the  stody 
of  all  that  he  considered  to  be  true  Geology,  fell  on  his  knees,  and 
exclaimed — 

"  0  saoote  de  SausBiire,  ora  pro  nobis !"  R.  I.  M. 


Geological  Society  of  London. — February  6th,  1868. — 1.  "  On 
the  Greological  Structure  of  Argyllshire."  By  His  Grace  the  Duke 
of  Argyll,  K.T.,  D.C.L.,  F.R.S.,  F.G.S.,  eto. 

The  object  of  the  paper  was  to  set  forth  some  of  the  author's 
reasons  for  not  accepting  the  views  propounded  by  Mr.  Geikie  in 
his  **  Scenery  of  Scotland  viewed  in  connexion  with  Physical 
(Geology."     His   Grace   believes   that,  although  the  atmospheric 
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agencies  of  waste  have  produced  great  inodifications  of  the  surface, 
the  form  of  the  hills  and  valleys  has  in  the  main  been  determined 
by  the  action  of  subterranean  forces. 

In  illustration  of  his  opposition  to  Mr.  Geikie's  theory,  he  de- 
scribed a  supposed  case  of  the  formation  of  a  valley  by  atmospheric 
agencies,  observing  that,  if  the  crumplings  of  the  strata  have  not 
affected  the  present  surface,  a  subsequent  submergence  and  a  fresh 
unconformable  deposition  filling  in  aU  the  ineqiialities  must  have 
ensued,  and  that  these  new  deposits  must  have  been  again  raised 
along  different  lines  of  elevation.  Taking  this  new  deposit  to  be 
the  Old  Red  Sandstone,  the  author  asks  how  it  was  removed,  and 
points  out  difficulties  in  the  way  of  supposing  the  removal  to  have 
been  either  by  submergence  or  by  snbaeriel  agencies. 

His  Grace  then  stated  that  Mr.  Gkikie  admits  that  the  agencies 
of  erosion  have  been  guided  in  their  work  by  the  prevailing  strike 
of  the  strata,  which  strike  is  followed  along  the  same  line  by  the 
larger  faults,  and  by  the  anticlinal  and  synclinal  axes, — at  least  as 
regards  the  general  trend.  He  then  pointed  out  that  in  reality  all 
the  great  physical  features  of  Scotland  take  the  same  N.E.  and 
S.W.  direction.  He  therefore  considered  that  Mr.  Greikie  had 
understated  the  case  of  the  coincidence  of  certain  physical  features, 
and  had  entirely  omitted  all  mention  of  others,  such  as  the  appear- 
ances of  subsidence  and  dislocation  to  be  observed  in  the  Western 
Islands,  and  the  relations  existing  between  dislocated  sedimentary 
strata  and  apparently  intrusive  rocks. 

In  supporting  his  argument  by  special  facts,  the  Duke  of  Argyll 
endeavoured  to  show  that  the  whole  valley-system  of  Argyllshire 
may  be  accounted  for  either  by  faults,  foldings,  subsidences,  or  anti- 
dinals,  mentioning  in  particular  that  Loch  Tyne  occupies  the  bed  of 
an  enormous  fault ;  that  Loch  Awe  lies  along  the  line  of  a  great 
subsidence  of  the  metamorphic  slates,  and  that  the  gorge  of  the 
Brander  Pass  lies  along  the  line  of  a  great  fracture  connected  with 
the  subterranean  movements  which  brought  up  the  granites  of  Ben 
Cruachan ;  with  many  other  instances  of  a  like  nature,  in  discussing 
which  he  especially  demurred  to  Mr>  Geikie's  theory  that  the  trans- 
verse valleys  and  gorges  have  been  formed  by  two  streams,  each 
working  backwards  towards  its  own  source,  until  the  ridge  which 
divided  them  was  finally  destroyed. 

His  Grace  also  remsirked  that  the  mineral  condition  of  the  granites 
at  the  time  of  the  subterranean  movements  was  such  as  would  facili- 
tate the  transmission  of  earthquake  waves ;  and  the  condition  of  the 
slates  was  such  as  necessitated  fracture  when  those  waves  were  pro- 
pagated beneath  them. 

In  conclusion,  the  author  contested  Mr.  Gfeikie*s  statement  of  the 
symmetry  of  river- valleys  and  uniformity  of  mountain  heights  ;  and 
contrasted  tbe  philosophy  of  the  older  geologists  with  that  of  the 
advocates  of  subaerial  denudation. 
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Sib, — In  your  report  of  the  Meeting  of  the  Gkologioal  Society  of 
Glasgow,  Deoember  12, 1867  (Gkol.  Mag.  YoL  Y.  No.  8,  p.  142),  I 
find  that  Mr.  John  Yonng  is  made  to  assert  that  *' Dr.  Duncan's 
figures  reveal  no  new  points  in  the  stractnre  of  this  coral  which  were 
not  already  known,  etc.,  etc."  Mr.  Young  also  appears  to  have 
stated  that  David  Ure  was  the  original  discoverer  of  the  genns  in 
question,  and  that  Professor  M'Coy  had  clearly  delineated  the  varions 
parts  constituting  the  internal  organization  of  the  coral.  To  these 
statements  I  must  give  my  most  unqualified  contradiction. 

It  can  be  readily  seen  in  David  Ure's  good  old  book  that  he 
believed  the  curved  horn-shaped  coral  in  question  was  one  of  the 
** class  CoraUaidsi,*'  or  ''sub-marine  plants,"  and  that  it  grew  with 
its  broad  calicular  end  downwards.  He  called  the  coni  Ikm^itei, 
but  gave  neither  a  generic  nor  a  specific  name  to  it. 

Fleming  classified  the  coral  in  the  genus  Thirbinolia,  and  gave  it 
the  specific  name  Jungite».  All  subsequent  generic  names  should  be 
followed  by  Fleming's  specific  name. 

M'Goy  described  tiie  cond,  and  a  drawing  of  its  anatomy  appeared 
the  description  in  Sedgwick  and  WGoj,  Brit  PaL  Foss.  1855, 
plate  dC,  figs.  5  and  6a.  He  named  it  Clinaphyllum  prolapsum.  He 
was  neither  justified  in  his  genus  nor  in  his  change  of  tibe  specific 
name.  M'Coy  neither  drew  nor  saw  what  is  so  evident  in  the  scores 
of  sections  which  Mr.  Thomson  has  prepared  of  the  species  of  coral  in 
question.  M'Coy's  drawings  of  CUsiophyllum  show  a  solid  lamellar 
columella  in  the  axis  of  the  corals  he  properly  described  as  belonging 
to  that  genus,  but  there  is  no  such  structure  in  his  ClinophyUum 
prolapmm. 

There  is  a  columella  in  the  Fungites  of  Ure,  the  Turhinolia  fungttet 
of  Fleming,  the  Clmophyllum  prolapsum  of  M'Coy, — it  is  not  a  solid 
lamella,  but  a  series  of  ascending  processes  which  pass  from  the  base 
to  the  depression  at  the  bottom  of  the  calioc,  which  is  surrounded  by 
the  coronet  of  internal  septa. 

Milne  Edwards  and  Jules  Haime  separated  the  "  fungites "  from 
the  genus  Clmophyllum^  and  their  specimens  were  not  sufSciently 
well  preserved  or  cut  to  enable  them  to  discover  the  arrangement  of 
the  septa  and  columellary  processes  within  the  endothecal  tissue  which 
separates  the  coral  into  inner  and  outer  portions. 

Mr.  Thomson  and  I  claim  these  as  new  points,  and  considering 
that  septal  and  columellary  structures  are  of  paramount  importance  in 
recent  corals,  we  have  a  right  to  esteem  them  worthy  of  the  conside- 
ration of  all  who  have  the  slightest  possible  knowledge  concerning 
the  anatomy  and  physiology  of  the  Zoantharia. 

P.  Mabtin  Duncan. 

Lee,  S.E.,  March  13,  1868. 

THE  TRIAS  OF  CHARNWOOD  FOREST. 
Sm, — ^The  paper  in  your  last  number,  on  Chamwood  Forest,by  the 
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late  Professor  Baden  Powell,  suggests  my  recording  one  or  two  facts 
relating  to  the  disposition  of  the  Bed  marls  on  the  older  rocks  that  I 
noticed  when  visiting  the  district  with  the  British  Association  excur- 
sion in  August,  1866. 

Professor  Powell  observes,  ''  that  there  are  several  localities  where 
the  New  Bed  has  undergone  some  disturbance  since  its  deposition," 
and  gives  an  engraving  of  the  Swithland  Slate  Quarry  in  illustration, 
which  does  not,  however,  seem  to  support  this  view.  In  all  the 
sections  1  examined,  the  dip  appeared  wholly  independent  of  disturb- 
ance, and  due  to  an  irregular  base  line  of  deposit,  an  element  which 
is  often  overlooked  in  estimating  the  extent  of  changes  of  inclination 
subsequent  to  deposition.  The  Bed  marls  of  Ghamwood  Forest  dip 
away  in  every  direction  from  the  high  ground  of  the  older  rocks 
towards  the  surrounding  level  plain  ;  but  1  was  much  struck  with 
the  fact  that  the  direction  and  amount  of  inclination  seemed  to  be 
less  related  to  the  entire  mass  of  the  high  ground  than  to  its  details 
of  contour.  In  the  section  of  Swithland  Old  Pit,  given  at  page  119, 
the  two  masses  of  Bed  marls  are  represented  dipping  towards  a  guUy 
intersecting  the  slate.  A  subsequent  movement  of  the  slate  is  not, 
however,  required  to  account  for  this,  and  an  examination  of  the  beds 
in  9iiu  conclusively  show  that  tiie  details  of  inclination  are  directly 
related  to  the  original  surface-contour  of  the  fundamental  rock,  a 
point  which  is  faithfully  represented  in  diagram  No.  2  of  Professor 
Jukes'  memoir.^  A  similar  arrangement  is  observable  in  a  cutting 
of  the  Bristol  cuid  Exeter  Bailway  near  the  Bourton  Station,'  where 
the  Eeuper  beds  rise  and  fall  at  considerable  angles  of  inclination 
over  some  prominent  bosses  of  Carboniferous  Limestone,  and  had  not 
the  fundamental  rock  been  visible,  the  sudden  changes  of  dip  might 
appear  to  have  been  the  result  of  disturbance. 

Another  noticeable  feature  in  Chamwood  Forest  is  the  relation  of 
the  areal  outline  of  the  Bed  marls  to  the  surface  contour  of  the  older 
rocks  rising  above  them ;  long  winding  tongues  of  the  red  beds  run- 
ning up  into  the  ancient  valleys  of  the  high  groimd,  the  contour  of 
the  exposed  portions  of  which  is  entirely  in  harmony  with  that  of 
the  bottoms  of  the  valleys  buried  beneath  the  remnants  of  the  later 
deposit  This  affords  a  good  illustration  of  the  extreme  antiquity 
of  the  surface  contour  and  hill-and-vaUey  system  of  the  Palaeozoic 
rocks;  and  whatever  form  of  erosion  may  have  determined  this 
contour,  it  has  evidently  been  very  little  modified  by  marine  erosion 
during  the  submergences  of  the  Trias  and  succeeding  formations. 
In  fact,  the  general  surface  contour  of  the  high  ground,  and  all  the 
principal  hills  and  valleys  of  Chamwood  Forest  were  in  existence 
before  the  period  of  the  Trias,  for  remnants  of  the  Bed  marls  occupy 
the  ancient  lines  of  waterflow,  and  these  do  not  appear  to  have  been 
changed  by  subsequent  disturbances. 

Gkoboe  Maw. 

Benthall  Hall,  Bboselet,  March  6M,  1868. 

>  Id  Potter's  History  and  Antiquities  of  Chamwood  Foreit. 

s  See  Section,  Fig.  2,  page  443,  Gsolooical  Maoaumb,  Vol.  IIL,  October,  1866. 
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BADEM  POWELL  AND  CHARNWUOD  FOREST. 

Sni, — The  ptisthuinoas  paper  in  your  March  number,  by  Baden 
Powell,  appears  out  of  date.  More  Iban  half  of  its  inalerial  had  ap- 
peared in  print  before  it  was  written  in  1839  ;  and  the  few  new 
points  it  contains  have  been  told  over  and  over  again  during  the  last 
decennary.  But  what  I  wanted  especially  to  note  was  a  correction 
of  the  opening  stetement  in  the  article,  "That  the  Geology  of  Cham- 
wood  Forest  was  first  systematically  inveatgated  by  Professors  Sedg- 
wick, Wbewell,  and  Airy  in  1B33."  Your  readers  will  find  in  the 
Annals  of  Philosophy,  Jan.,  183i,  an  elaborato  memoir,  with  a  good 
geological  map  and  woodcuts,  by  William  Phillips  and  S.  Luok 
Kent,  ■'  Observations  on  the  Books  of  Monnt  Sorrel,  Chamwood 
Forest,  and  Grooby."  This  memoir  is  20  pages  long,  and  excepting 
the  antiquated  nomenclature,  is  as  sound  in  its  principles,  accurate 
in  its  details  and  classification  of  tbe  rocks,  as  are  any  of  the  recent 
Memoirs  of  Chamwood  Forest,  the  Geological  Survey,  Mr.  Jukes,  or 
Hie  recently  published  memoir  by  Professor  Ansted. 

From  another  remark  in  Mr.  Baden  Powell's  paper,  anyone  would 
■oppose  that  tbe  district  of  Chamwood  Forest  had  been  a  neglected 
field,  whereas  for  many  years  past,  and  remarkably  so  of  late,  the 
local  geologiatA  of  Leicester,  of  whom  I  am  proud  to  be  one,  have 
explored  every  yard  of  its  area,  and  are  well  acquainted  with  every 
geological  fi-aturt;  to  be  found  about  its  rocks.  Their  lubinirH  may 
not  find  a  place  in  tbe  Quarterly  Journal  of  the  London  Geological 
Society,  but  they  are  to  be  foxaui.  in  the  memoirs  and  transactions  of 
MTeral  local  sodetiea. 

Jomr  Plaxt. 


CLABSIFICATION  OP  GEAPTOLITES. 
StB, — I  mast  ask  you  for  leave  to  say  a  few  words  in  reply  to 
Dr.  Nicholson's  in  your  last 

1.  The  Graptolitea  have  been  supposed  to  be  related  to  the 
Ctenostomatous  Polyzoa— the  Ctenostomata  have  corneous  poly- 
paries  like  the  Graptolitea.  Dr.  Nicholson  diemifises  the  question  of 
their  Gteuostomatous  affinity,  because  the  Polyzoa  "as  a  rule"  bavft 
CoJcareoos  tests  ;  a  "  summary"  process  indeed.  Dr.  Nicholson  has 
yet  to  make  the  aoquunl&nce  of  the  Otenostomata,  for  tbe  "froe 
and  corneous  Polyzoa,"  of  whose  esisteace  he  ia  "perfectly  aware," 
sre  a  novel  group  of  real  or  imaginary  animals  very  different  hoai 
the  fixed  Polyzoa  to  which  Busk  gave  the  name. 

2.  Dr.  Nicholson  changed  his  views  afUr  I  pointed  out,  in  the 
Gbologicai.  Magazine,  his  errors,  and  his  progress  in  knowledge 
followed  step  by  step  my  corrections.  Your  readers  will  form  thnr 
own  estimate  of  that  "  honesty"  which  accepts  these  oorrections  and 
publishes  them  without  acknowledgment. 

3.  I  ventured  to  suggest  that  somehow  Dr.  Nicholson  had  con- 
fonnded  gonopbore  with  gonotbeca,  but  such  au  error  was  so  gross 
and  so  fundamental,  that  I  sugj^ted  it  with  diffidence.    Now  Dr. 
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Nicholson  says  plainly  that  he  used  "  gonophore  instead  of  gono- 
theoa,  to  signify  the  external  bell-shaped  ovarian  vesicle  of  the 
SertcdariadsB.*'  He  also  quotes  Qreene^  in  support  of  his  posi- 
tion, and  triumphantly  adds  that  his  quotation  is  but  one  of 
many  similar  statements  I  Had  he  pursued  his  examination  of 
Greene's  Manual  a^  little  further,  he  would  have  found,  at  page 
47,  that  in  the  Sertulariadsd  ''gonophores,  protected  by  the  gono- 
theca,  are  borne  along  the  sides  of  the  gonoblastidium."  Ignorant 
of  the  difference  between  a  "  reproductive  body"  and  an  **  ovarian 
vesicle,"  that  is,  between  a  gonophore  and  a  gonotheca,  and  conse- 
quently of  all  the  remarkable  phenomena  connected  with  the  de- 
velopment of  the  Hydrozoa,  of  which  these  terms  are  the  exponents, 
Dr.  Nicholson  has  discanted  before  learned  societies  and  to  the 
readers  of  scientific  journals,  on  the  relation  of  an  obscure  group  of 
fossils  to  recent  animals  from  these  organs  of  reproduction  !  I  may 
as  well  here  give  the  reason  why  I  have  come  to  the  rescue  of  a  set 
of  animals  in  which  I  have  long  been  greatly  interested.  More  than 
two  years  ago,  when  Prof.  Wyville  Thompson,  who  had  promised  a 
monograph  of  them  to  the  PalsBontographical  Society,  pressed  me  to 
undertake  it  instead  of  him,  I  refused,  because  I  had  resolved  to 
confine  myself  to  botanical  researches  ;  and  to  this  resolution  I 
would  have  adhered  had  I  not  been  constrained  to  rescue  my  old 
friends  from  the  hands  of  a  man  who,  from  the  first,  appeared  to 
me  to  be,  as  he  has  now  declared  himself,  imperfectly  acquainted 
alike  with  the  fossils  and  their  living  representatives. 

4,  A  perusal  of  the  laws  of  scientific  nomenclature  (British 
Association  or  M.  De  CandoUe's)  will  enlighten  Dr.  Nicholson  as  to 
his  Pleurograpsus. 

5.  It  is  not  pleasant  to  be  personal,  but  it  is  often  necessary — 
scientific  precision  and  truth  require  it.  Dr.  Nicholson  has  anoUier 
method.  In  the  first  part  of  his  letter  in  your  last  number,  he  says 
the  error  (introduced  by  Mr.  Jenkins  into  the  abstract  of  his 
paper  ?)  in  the  generic  character  of  Dichograpsus,  **  has  been  re- 
produced in  a  recent  paper  on  Graptolites."  Would  it  not  have 
been  better  to  have  been  personal  here,  and  said,  reproduced  by  Mr. 
Garruthers  ?  But  what  is  the  truth  ?  This  erroneous  character  was 
published  by  me  in  June,  1867  (did  Mr.  Jenkins  make  by  mistake 
his  abstract  from  my  paper?),  in  a  paper  which  Dr.  Nicholson  has 
read,  for  he  has  quoted  from  it.  If  there  is  any  plagiarism,  it  is 
Dr.  Nicholson  who  has  stolen  from  me.  But  if  he  prosecutes  his 
enquiries  a  little  further,  be  will  find  that  this  chai^ter  was  not 
published  even  then  for  the  first  time. 

And  now,  sir,  I  have  done  with  Dr.  Nicholson,  and  I  trust  he  has 
for  some  years  done  with  Graptolites.  Let  Dr.  Nicholson  lay  aside 
his  honours  for  a  little,  and  become  a  scholar  in  natural  science,  and 
no  one  will  more  heartily  welcome  him  as  a  worker  when  he  has 
somewhat  mastered  his  subject,  than — ^Wm.  Gabbuthsss. 

^  Ph>f.  Allman  (whose  terminology  Greene  adopte)  and  Ptot  Huxley  did  me  the 
to  read  and  approTe  my  proof . — ^W.C. 
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L — Oh  Saubosterwow  Bainii,  and  Pbistemodon  MdEATif  Two  Nsw 
FoBBiL  Laokbtiliah  Bbftilss  fbom  Souts  AimioA. 

Bj  ProfesMr  T.  H.  Huxlkt,  LL.D.,  F.B.S. 

AneBdent  of  tlie  Qeologieal  Sooietr  of  London :  Hnnterian  Ph>fe«or  of  (Tomptfatiitt 
Anatomy  in  the  Eojal  College  of  Sargeons,  ete.,  etc 

(PLATES  XI.,  Xn.) 

SOME  time  smoe  Prof.  T.  Bnpert  Jones  directed  m j  attentioii  to 
a  carious  fossil  in  the  British  Museum,  obtained  by  Mr.  Bain 
from  Styl  Krantz,  Sniewe  Berg,  South  Africa.  The  matrix  is  of  the 
same  natare  as  that  in  which  the  Dicjnodonts  are  so  commonly  found, 
and  exhibits  the  greater  part  of  the  skeleton,  but  unfortunately  not  the 
skull,  of  a  Laeertilian  reptile,  not  more  than  seven  or  eight  inches  in 
length.  It  is  represented  of  the  natural  size  in  Plate  XI.,  Fig.  1.  The 
trunk  is  about  two  and  a  half  inches  long,  and  appears  to  have 
attained  hardly  more  than  one-third  the  length  of  the  tail,  which  is 
bent  round  into  three-quarters  of  a  circle,  and  consists  of  vertebrae, 
which  are  very  stout  near  its  root,  but  become  attenuated  at  its 
termination  (a).  The  centra  of  these  vertebras  appear  to  have  been 
sligiitly  constricted  in  the  middle,  and  are  about  one-tenth  of  an 
inch  in  length.  The  anterior  caudal  vertebras  present  strong  and  long 
transverse  processes.  The  dorsal  vertebrae  can  hardly  have  been 
fewer  than  eighteen  or  twenty,  and  seem  also  to  have  possessed 
hour-glass  shaped  centre.  They  are  for  the  most  part  provided  with 
long  curved  ribs,  the  hindermost  four  or  five  pair  of  which  become 
gradually  shorter.  One  or  two  vertebrae  in  front  of  the  sacrum  may 
have  been  devoid  of  ribs. 

Both  the  fore  and  the  hind  limbs  are  in  place,  though  but  im- 
perfectly preserved  The  impression  of  the  large  semilunar  coracoids 
(Figs.  1  and  2  h)  which  meet,  and  perhaps  overlap  in  the  middle  line, 
is  very  distinct.  But  one  of  the  most  interesting  features  of  the  fossil, 
and  that  which  best  indicates  its  relation  with  the  typical  Lctcertilia,  is 
the  great  T-shaped,  or  rather  crossbow  shaped,  epistemum  or  inter- 
clavicle  (Figs.  1  and  2,  c),  which  in  its  general  form  and  properties 
closely  resembles  that  of  the  existing  Monitors.  The  clavicles  them- 
selves are  not  to  be  distinctly  made  out.  The  humerus  is  equal  to 
about  7  vertebrae  in  length,  and  possesses  a  cylindrical  shaft,  which 
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iB  moderately  expanded  at  each  end.  The  radioB  and  ulna  are 
rather  shorter  than  the  humerus.  The  manus  (Fig.  2  d)  has 
slender  digits,  some  of  which  were  certainly  terminated  by  claws, 
and  which  seem  to  have  been  present  in  die  full  number  of  five. 
The  impression  of  Ihe  pelvis  is  distinctly  visible,  though  its  details 
cannot  be  clearly  made  out  The  femur  is  a  long  and  strong  bone, 
not  notably  dilated  at  either  extremity.  The  tibia  is  stouter  than 
the  fibula;  both  bones  are  considerably  shorter  than  the  femur. 
The  total  length  of  the  leg  without  the  foot  is  1*8  inch;  that  of  the 
fore-limb  without  the  manus  is  1*4  inch.  The  foot,  leprepented  as 
twioe  the  size  of  nature,  in  Tig,  -3,  seems  to  have  been  penta-dactyle, 
with  slender  digits,  the  largest  of  which  could  hardly  have  been 
shorter  than  the  tibia. 

Our  knowledge  of  the  characters  of  the  trunk  and  of  the  limbs  of 
the  Dicynodonts  is  very  defective,  but  the  limb-bones  of  this  skeleton 
are  so  unlike  any  of  the  corresponding  bones  which  are  known 
among  the  Dicynodonts,  that  I  think  there  can  be  little- doubt  that 
the  fossil  is  not  the  trunk  of  Dic^/nodim^  On  the  other  hand,  it  is 
in  many  respects  curiously  like  TelerpeUm,  and  I  am  disposed  to 
think  tliat  the  little  African  reptile,  which  may  be  called  Sauros- 
Unum  Bamif  waa  really  allied  to  that  &mous  Laoeriaan; 

At  the  International  Exhibition,  held  at  Paris  laat.year,  Mr. 
McKay,  of  British  Eaffiraria,  exhibited,  a  model  of  "East  London 
and  the  Harbour  Works  at  the  Mouth  of  the  Buffiedo  Biver,  British 
Eaffraria,  Cape  of  Good  Hope,"  with  some  geological  sections.  The 
latter  are  thus  described : — 

"EXPLANATION  OF   GEOLOGICAL   SECTIONS.      (Figs.  1  &  2.)" 

''  A. — Is  a  Permian  formation,  most  probably  of  the  age  eqnivalent  to  the  Ma^esian 
Limestone  of  England  and  Zeehstein  of  Germany.  Its  freshwater  origin  is  in- 
ferred from  the  total  absence  of  Marine  remains,  particularly  sheUs -and  the 
presence  of  multitudes  of  remains  of  reptiles  capaole  of  existing  on  land  or 
freshwater — together  with  the  remains  of  land-plants  in  the  erect  position  ia 
which  they  grew. 

1). — Is  a  wind-stratified  Post-Tertiary  formation  which  fringes  the  coast  for  a  con- 
siderable distance  (it  has  been  traced  from  the  Kowie  to  Natal),  but  does  not 
extent  any  distance  inland,  generally  under  a  mile.  It  is,  in  fact,  nothing  more 
than  consolidated  sand  hills,  which,  in  some  places,  attain  a  height  of  200  feet 
and  upwards.  The  hillocks  of  loose  sand  that  sldrt  the  coast  at  the  present  day 
are  identical  in  composition,  stratification,  and  organic  remains. 

E. — ^Is  a  stiff,  reddish,  yellow  clay,  with  a  considerable  proportion  of  calcareous 
matter ;  pellets  and  nodular  concretions  of  lime  are  dispersed  throughout  it. 
It  occupies  all  the  depressions  in  the  surface  of  A,  and,  in  consequence,  is  yery 
irregular  in  thickness,  ranging  from  5  to  160  feet.  No  fossils  haye  yet  been 
found  in  it. 

F,— A  thin  layer  of  ironstone  graycl,  containing  rolled  fragments  of  silicified  wood, 
agate,  cornelian,  chalcedony,  etc. 

Q.— A  rich,  dark,  earthy  clay,  from  2  to  5  feet  thick,  with  thin  layers  of  pristine 
marine  shells  sparingly  dispersed  in  it  These  marine  remains  haye  been  found 
at  an  elevation  of  800  4et  (''  tic.  in  Mr.  McKay's  MS.,  at  p.  204  he  says  200  feet ") 
above  the  present  sea  level,  so  that  the  land  must  have  been  quiescently  sub- 
merged to  that  depth  within  a  very  recent  period. 

H. — ^This  deposit  owes  its  ori*^n  to  an  obstruction  across  the  mouth  of  the  river, 
which  has  penned  back  the  water  and  converted  the  estuary  into  a  temporary  lake, 
about  20  feet  above  its  present  level— three  distinct  ooourrenoes  of  this  obstruction 
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«•  pldaly  MM.  AftartanhllyabMrniif  moftof  thtmontbiof  Uitttntionoitr. 

BBMt,!  amatirfsdlhBt  ttMyankUmoTg  taltm  liable  to  poriodidal  olatnistioBf 

of  thii  dmriptioa. 
It  ii  mlj  in  thu  dapodt  (H)  that  tamuM  of  man  haTS  bean  fbnnd.    Thtn  ooiiHlt 
ef  in^leiiMnla,  fr^cmanta  of  natiTS  pottvr  and  oharrad  wood.^     It  if  onlf  lAn 
d..  t — .1-  ^^  ^Q^  ^,  jj,^  nndarlTing  hard  rook  tbat  the  piiocoa  of  oAocratiaii  »ai 


to  the  nndarlTing  hard  rook  tbat  the  piiOMta  of  oAocratiaii  « 
I  any  adnuiee,  otherwiae  they  ate  looia  in  tbeir  bed,  or  an  bcMh 
•beOi Md  nibbiili  inadiraetioBag«JMttbeM*,t>iii  H,  Pig.  1 


"U8T   OF    FOSSILS   OBTAIIfED    BY    MB.    HcEAT,   OF    BBITI8H 
KAFFRARIA." 

"Bed  A. — All  the  animil  remaini  of  thia  group  are  premmed  to  In  Reptilii 
Section  or  Vertebne.  No.  3.  Tertebre  and  rib*.  No.  3.  Skull  of  . 
tn*k«  directed  fonrard,  inward,  and  downward;  ifae  moutli  and  tempor^  taaut 
analogoiu  to  the  existing  turtle.  No.  4.  Bones  of  the  feet,  ribs,  etc.  No.  6. 
Fart  of  a  Skall.  No.  6  and  7.  Tcrtehm  and  rib*.  No.  8.  Jdw  with  teeth 
placed  in  a  erooTe.  No.  9.  Upper  and  lower  jaw  with  teeth,  one  of  whiob  ia 
■enated.  No.  10.  Jaw  with  teeth  ia  diitind  nockela,  largo  laeth  to  the  fron^ 
and  gradaallj  diminiahing  in  lize  towardi  the  pnaterior  part  of  the  jaw ;  remark- 
able for  tbe  maEaiiencaa  of  the  jaw  in  proportion  to  the  aiie  of  the  Iteth.  No.  II, 
Small  }a)r  with  a  row  of  cylindrical  teeth  and  funr  inpplementa]  teeth  comprewed 
and  urrated  on  the  anterior  edge  onlj;  someetementaof  the  Inner  juw.  No,  13. 
Tertebml  column  of  a  amall  reptile;  aome  hone*  of  the  lega  and  iternum.  No.  13. 
BkuU  with  teeth  in  a  noove.  No.  14  and  IS.  Skulls.  No.  IT-  Serrated  tooth ; 
two  other  teelb  of  this  dcacription  in  my  pmeenion  are  deeply  implanted  in 
diatinct  sockets  in  a  massive  jaw ;  they  ore  serrated  on  both  edges — an  at- 
tempt waa  made  to  clear  the  senatiaa  on  the  other  edge  of  No.  17,  but  it  wat 
found  too  brittle,  and  it  shivered  with  the  lighteat  lap.  No.  18.  Tooth;  the 
eaat  of  the  point  of  the  tooth  auggesia  indentation  on  the  edge  of  a  right  angle, 
rather  than  projectin|{  surrationa ;  it  was  aasocinted  with  Xo.  17.  No.  10. 
Fart  of  akull  and  lower  jaw  teeth,  some  of  whioh  are  scrratod.  Concentrie 
iJnK-marki  are  Tisible  in  section.  No.  20.  Kib  >  No.  21.  Tibial  No.  22.  Kibe 
and  bonea  of  the  feet  or  paddleaf  No.  -23.  Bones  of  the  feet  frapnienta  of 
tbe  jaw  and  teeth,  etc.  Lutly,  Many  plant  impressiotia, -ripple  maika,  and  csrt 
of  Tain  drops. 
■  Since  tbe  abore  waa  written,  Mr.  HcKay  haa  diseoTerad  a  fragment  of  natiT* 

pottery  in  a  layer  ofeiiating  abellainthe  bed  Q. 
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Bed  D.— Existing  land  shells,  casts  of  ezistinjg^  marine  shells,  rertebre  of  shark, 

claw  of  crustacean,  bone  of  land  animal,  existing  marine  sheUs  and  fragments. 
Beds  £,  and  F,  are  unfossiliferoos. 
Bed  G,  contains  existing  marine  shells  220  feet  ("  tie.  in  Mr.  McKay's  MS.,  at  p.  202 

he  says  800  feet")  above  the  present  sea-layel. 
Bed  H,  yielded  teeth  and  tusks  of  Hippopotamua ;  stone  ring  used  by  Bushmen. 

(They  are  wedged  on  to  the  pointed  sticks  as  make-weights  to  assbt  in  digging 

up  roots.)    Lastly.  Fragments  of  native  pottery.*' 

• 

The  specimen  represented  of  the  natural  size  in  PL  XH.  Fig.  1, 
is  from  Bed  a,  and  is  the  fossil  marked  No.  9  in  Mr.  McKay's  list. 
It  is  a  shattered  lacertilian  skull  having  very  much  the  general 
shape  of  that  of  Bhynchoaaurtu,  being  veiy  broad  posteriorly  owing 
to  the  large  size  of  the  supratemporal  fossa  (a),  and  tapering 
anteriorly.  The  extremity  of  the  snout  is  broken  off.  The  large 
orbits  (6)  looking  almost  directly  upwards,  lie  in  the  anterior  half  of 
the  cranium,  and  are  separated  by  a  relatively  narrow  interorbital 
space.  What  appears  to  be  a  parietal  foramen  is  situated  in  the  sagittal 
suture  near  the  truncated  occipital  margin  of  the  skull.  The 
mandible  is  very  much  broken,  but  what  remains  of  it  shows  that 
it  was  remarkably  thick,  and  that  it  was  provided  with  teeth,  the 
best  preserved  of  which  is  represented  of  twice  the  natural  size  in 
Fig.  1  a.  Eight  or  nine  such  teeth  can  be  counted  in  relation  with 
the  left  ramus  of  the  mandible  between  d  and  d.  Each  of  these 
teeth  is  straight,  flattened  from  side  to  side  in  the  crown,  but  more 
cylindrical  in  the  fang,  and  contains  a  pulp  cavity,  which  extends 
nearly  to  its  summit,  and  is  wide  in  the  crown  of  the  tooth.  The 
anterior  edge  of  each  tooth  is  like  its  surface,  smooth  and  rounded, 
but  the  j)osterior  is  produced  into  relatively  strong  and  long  denti- 
culations. 

The  ramus  of  a  mandible  of  the  same  animal,  is  represented  of 
twice  the  size  of  nature  in  Plate  XII.  Fig.  2.  From  the  arrangement 
of  the  teeth  in  this  and  in  the  foregoing  specimen,  it  appears  that  they 
were  not  disposed  in  distinct  alveoli,  but  lay  close  together  in  a 
groove  of  the  bony  substance  of  the  jaw.  The  symphysial  end  of 
the  ramus  (a)  seems  to  have  been  devoid  of  teeth. 

The  successional  teeth  are  well  seen  in  various  stages  of  develop- 
ment at  the  bases  of  those  which  are  fully  formed.  Most  of  the 
latter  have  been  split,  or  ground  down,  so  as  to  show  their  pulp 
cavities.    I  propose  to  name  this  new  Lacertian  Pristerodon  McKayi. 

Fig.  3,  PI.  XII.  is  a  figure,  of  the  natural  size,  of  another  incom- 
plete mandible,  similar  in  its  stoutness,  and  in  the  apparent  absence 
of  teeth  from  the  symphysial  region,  to  the  foregoing.  But  the 
transverse  sections  of  the  fangs  of  the  teeth,  which  have  been  ex- 
posed, apparently  by  taking  a  slice  for  microscopic  purposes,  are 
oval,  and  show  that  the  pulp-cavity  is  almost  obliterated.  The  teeth 
increase  in  size  from  behind  forwards,  and  a  thin  bony  septum 
between  the  first  and  second  gives  rise  to  a  complete  alveolus  for  the 
first  tooth. 

The  inner  side  of  the  ramus  gives  off  a  singular  slender  bony 

ocess,  which  may  correspond  with  the  flat  and  slender  plate  oj 
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bone  which  appears  to  be  given  off  from  the  inner  side  of  the  man- 
dible of  J^risterodon,  nearly  opposite  the  lower  d  in  Fig.  1,  PL  XIL 

I 

DESCBIPTIOK  OF  PLATES  XI.  axd  XII. 

PL.XI 


. — ^Fig.  1.  The  impraHoon  of  tlie  imtaX  fkoe  of  Stntroatmtmt  BmML  of  the 
natuial  sm.  m,  the  extremity  of  the  ttU ;  h^  the  ooreioia;  c,  Ab 
interdaTicle  or  efrietenuu 

2.  A  portion  of  the  eounterpeit    d,  the  miniis ;  h^CftM  befiwe. 

8.  The  left  foot;  fhim  the  eoimtetput  twice  the  nttaral  liie. 

Pl.  XIL— Fig.  1.  The  skull  of  FntUrodon  MeKayi,  of  the  nmtural  sise.  The  greater 

partof  the  left  half  of  the  skull  has  split  off,  leaving  the  left  ramnt 
of  the  mandible  {e)  e^waed.  «,  the  right  tempond  foesa;  h^  the 
orbit ;  if  d;  the  teeth. 

1«.  A  tooth,  X  2. 

2.  A  detached  ramus  of  a  mandible  of  FruUrotUm^  yiewed  lattfaUy, 
and  apparentiT  from  the  inner  side. 

S.  A  similar  mandiue,  liewed  from  aboTO. 


IL — On  thi  Causs  op  Contobtions  and  Faults. 

By  J.  M.  Wilson,  MJk.,  F.O.S.,  vra ;  Fellow  of  St.  John's  College,  Cambridge; 

Assistant  Master  at  Bugby  School. 

DURING  the  last  few  years,  in  lecturing  on  geology  at  Rugby 
School,  I  have  frequently  given  an  explanation  of  the  causes 
that  produce  contortions  and  faults,  which  I  find,  to  my  surprise, 
is  not  given  in  the  ordinary  text  books,  and  yet  seems  to  me  an 
extremely  obvious  explanation. 

The  explanation  given  by  Lyell  (Elements,  p.  64),  is  contained 
virtually  in  the  diagram  he  gives  (Fig.  1).  I  quote  however  a  few 
words  from  his  book.  "Suppose  ttie  mass  of  rock  a,  b,  c  (Fig.  1), 
to  overlie  an  extensive  chasm  d,  e,  formed  at  the  depth  of  several 
miles.  Now,  if  this  region  be  convulsed  by  earthquakes,  the  fissures 
/,  gy  and  others  at  right  angles  to 
them,  may  sever  the  mass  b  from 
a  and  from  o,  so  that  it  may 
move  freely,  and  aUow  it  to  si];ik 
into  the  chasm."  '''*'  '' 

It  is  clear  from  this  that  Lyell  considers  faults  as  caused  by 
subsidence  of  detached  portions  of  the  crust  of  the  earth ;  and  since 
a  wedge-shaped  block  could  not  so  subside,  the  faults  must  be  either 
verticfld  or  overhanging  on  one  side  of  the  detached  portion ;  that  is 
faults  would  "  hade  to  the  upthrow  "  as  often  as  to  the  downthrow, 
which  is  not  the  case. 

Phillips,  I  believe,  o£fers  no  explanation  of  faults,  but  points  out 
the  very  general  law  that  the  plane  of  separation  slopes  under  the 
depressed  portion  of  the  disrupted  strata,  expressed  above  by  saying 
that  faults  "  hade  to  the  downthrow." 

Page  does  not  discuss  the  question. 

Jukes  discusses  it  at  considerable  length,  and  his  explanation,  in 
some  respects,  is  like  my  own.    He  explains,  however,  the  general 
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Uw  of  the  inolinstion  of  the  plane  of  die  fenlt  as  follows  : — "Sup- 
■  pose  that  in  the  diagram  (Fig. 
1 2)  we  have  a  portion  of  the 
I  earth's  crust,  of  which  a  b  is 
I  the  surface,  and  c  n  a  plane 
I  Mted  on  by  some  wide  spread 
I  Force  of  expansion  tending  to 
I  bulge  upwards  the  part  a,  b, 
1 0,  D.  If,  then,  a  fracture  take 
^-  *■  place  along  the  line  e  f,  it  is 

.  obvions  that  the  expanding  force  will,  on  the  aide  of  a  c,  have  the 
widest  base  o  r  to  act  upon,  while  it  will  have  a  proportionately 
less  mass  to  move."  Jukes  then  prooeede  to  discuss  tJie  junction 
'  between  two  opposite  faults,  which  produces  what  is  often  called 
a  "  trough,"  of  which  his  explanation  only  differs  in  some  details 
fivm  my  own ;  only  that  my  own  is  applied  to  all  laults,  and  de- 
pends on  no  hypothetical  causes  whatever. 

Similarly  when  I  read  manuals  with  a  view  to  see  what  acconnt 
is  g^ven  of  contortions,  I  meet  with  nothing  but  general  allusions  to 
"forces  of  disturbance,"  "unequal  densitieB  and  pressures,"  and  no 
clear  mechanical  accoimt  of  their  origin. 

Lyell's  account  is  that  they  may  be  due  to  lateial  pressure,  and 
two  ways  of  producing  lateral  pressure  are  indicated ;  one  by  the 
injection  into  fissures  of  molten,  or  the  protrusion  of  solid  rocks,  and 
the  other  by  unequal  degrees  of  subsidence  arising  from  various 
causes. 

Now,  contortions  and  faults  are,  I  think,  readily  espltuned  when 
one  recollects — 

(1)  That  depressions  and  elevations  take  place  over  large  areas. 

(2)  That  the  sur&ce  of  the  earth  is  curved. 

(3)  That  rocks  are  conpressible  by  foldings. 

(4)  That  rocks  are  not  extensible  or  elastic. 

(5)  That  at  great  depths  rooks  are  somewhat  plastic  through  heat. 
For,  consider  a  portion  of  the  earth's  b 
face  A,  B,  0,  (Fig  3)  and  suppose  it  to  be  I 
an  area  of  subsidence,  or  to  sink  gradually  I 
to  the  position  occupied  by  the  dotted  lines.  I 
It  is  clear  that  to  do  ho  it  must  be  laterally  I 
compressed.      Here  is  a  source  of  power  I 
for  producing  contortion,  viz.,  the  prodi- 
gious weight  of  the  mass,  slowly  sinking,  I 
and  crumpling  up  into   curvea  and  folds  I 
that  part  of  Uie  aien  a,  b,  c  which  yields  I 
most  to  lateral  pressure.  I 

Conloriiona  then  are  the  inevitable  result  I 
of  tuhsidenee  of  a  earned  surfnee.  f 

Now,  consider  the  re-elevation  of  a  dis-  | 
txict     The  rocks  have  to  expand  so  as  to  '^-  ^■ 

occupy  a  larger  area.    How  can  this  be  accomplished  ?     Clearly  by 
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If  the  mm  a  s  ia  eleVa^ 
IV.*- 


mda,  jMHisg  ri^^  Hacnu^  the  toUd  orost,  taking  plaoe  in  » 
Tariaty  of  dinolaona,  and  all  the  pieoea,  whioh  are  broader  at  the 
MuCaoe  than  lower  down,  ainUag  further  relatiyalj  to  th«  rest . 

It  win  be  aesa  at  onoe  by  referenoe  to  a  diagram,  whkh  Ihcte 
made  OD  an  exaggerated  scale  (aee  Fig  4). 
•o  that  it  aMumea  the  more  curved 
form  o  D,  A  B  will  crock ;  (a)  will  I 
riae,  and  (d)  will  rise,  but  the  in-  [ 
omiaed  space  between  (a)  and  (i)  wtU  I 
be  ooooped  by  the  sliding  down  of  I 
the  peoes  {b)  and  (e).  Then  sinoe  I 
these  faults  always  take  place  when  I 
the  area  ia  depreMed,  the  rise  will  take 
[daoe  nnder  ute  sea,  and  be  extremely  ^ 
alow,  and  the  marine  denudation  will  i 
soon  level  the  snr&oe,  and  obliterate  all  trace  of  bolts.  It  is  dear 
that  ^lia  explains  the  general  law  of  ianlts  given  above ;  and  puts 
contortions  and  &nlts  in  connection  with  one  another.  FaalU  then 
are  the  inevitable  reanlt  of  the  eferoA'm  of  a  etmed  sorfaoe.  Tha 
only  point  ihat  needs  further  examination  is  this,  whether  the  cause 
assigned  above  is  ade^uaU  to  prodnoe  the  observed  amonnt  of  fanlts 
and  oontortionB. 

I  have  examined  this  qaestion  mathematicany,  and  the  following 
are  the  reBulfs  I  iiave  obtained  on  the  supposition  that  a  circular  area 
of  the  earth's  surface  whose  diameter  euhtends  an  angle  of  2  0  at  the 
centre  of  the  earth,  is  depressed,  so  as  to  "mintjiin  a  spherical  form, 
(of  course  a  portion  of  a  larger  sphere)  to  a  depth  of  (a)  miles  in 
the  centre  of  the  depressed  region ; — that  is  on  tiie  supposition  that 
the  arcs  a  b  and  o  n,  aa  in  the  diagram,  are  both  ciioular.  The  cal- 
culation only  requires  a  little  trigonometry,  and  may  be  relied  on  as 
tme  within  a  few  yards. 

Tasls  or  CoMFKMaioH,  ui  Tasqs. 
Tnr  SB  arc  of  2  S,  doprtwod'to  »  depth  a ;  ra<liiu==4,000  milsi. 
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SOS        RusJdn — Banded  and  Brecciated  Concretions. 

The  inspectioH  of  this  table  will  shew  that  the  known  zising  and 
sinking  of  large  areas  of  the  earth's  surface  is  adeqnaie  to  pzoduce 
much  compression  and  extensive  faults.  But  this  table  can  be  made 
to  yield  some  other  important  results. 

When  the  geological  structure  of  a  country  is  pretty  well  known, 
the  amount  of  contortion, — t.e.  the  difference  between  the  direct  dis- 
tances of  two  distant  points,  (1)  measured  along  a  circular  arc,  (2) 
measured  along  strata, — ^may  become  approximately  known.  And  if 
this  contortion  appears  not  to  be  due  to  the  intrusion  of  local 
igneous  rocks,  and  does  appear  to  be  due  to  depression,  we  get  a 
means  of  calculating  to  what  depth  the  strata  aajik  when  those  con- 
tortions were  being  produced. 

And,  again,  it  appears  that  the  horizontal  projection  of  the  £Eialt, 
or,  in  other  words,  the  "  barren  ground,"  is  the  measure  of  the  power 
of  a  feult.  Hence,  if  the  vertical  throw  of  a  fault  be  /,  and  the  in- 
clination of  its  plane  to  the  vertical  bo  d,  and  the  banm  ground  be 
therefore  /  tand,  it  appears  that  S  (/  tand),  taken  along  any 
section,  is  a  measure  of  the  subsequent  elevation.  Bnt  X  (/  tand) 
is  cm  observable  quantity,  independent  of  hypotheses :  lienoe  we 
may  be  able  to  infer  the  amoimt  of  re-elevation,  which  ought  to  cor- 
respond approximately  with  the  amount  of  depression  obtained  for 
the  same  section  from  the  contortions. 

But  apart  from  this  application  of  my  explanation  of  the  origin 
of  contortions  and  faults,  which  is  not  yet,  I  imagine,  practicable, 
I  should  be  glad  to  know  the  opinion  of  geologists  about  the  ex- 
planation itself. 
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By  John  Ruskiw,  Esq.,  P.G.S. 

<PLATE   XIII.) 

(CONTINTTED  FROM  THl   ApRIL  NuMBBIL,   P.    161.) 

THE  next  group  of  agates  which  I  have  to  describe  belongs  to  the 
nested  series ;  but  is  distinguished  from  all  other  varieties  of 
that  series  by  having  a  pure  chalcedonic  surface  (unaffected,  except 
in  the  form  of  it,  by  the  material  of  its  gangue) ;  and  by  uniformity 
of  colour ;  consisting  only  of  white  and  transparent  grey  bands, 
wholly  untinged  by  more  splendid  colours.  But  nearly  all  the  agates 
of  this  group  which  now  occur  in  the  market  have  been  dyed  brown 
or  black  at  Oborstein,  to  the  complete  destruction  of  their  loveliest 
phenomena. 

With  the  true  agates  of  this  group  must  be  associated  some 
transitional  examples,  in  which  the  surface  is  more  or  less  entangled 
with,  and  degraded  by,  the  material  of  the  gangue,  (the  body  of  the 
stone  then  becoming  susceptible  of  colouring  by  iron,  or  of  ohloritic 
arboroscence  from  the  exterior) ;  and  others,  in  which  the  moss  is 
rudely  egg-shaped,  like  a  rolled  pebble,  and  the  crust  is  of  a  fine 
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pale  farown  agatesoent  jasper  in  mnltitndinona  oonoretunui,  plamlj 
▼iaible  on  the  mir&ce,  like  the  convolations  of  the  brain  of  an 
animal  ■  Bat  in  the  typical  examples  of  the  whole  series,  no  lines  of 
concretion  are  -visible  on  the  surfaoe ;  it  is  knotted  and  pitted ;  but 
not  banded — ^it  is  of  grey  dear  chalcedony,  and  the  entire  mass  of 
the  stone  is  often  thrown  into  irregularly  contorted  folds,  which  are 
sometimes  parallel  to  the  interior  bands,  and  from  which  I  shall, 
for  ponvenience  sake,  give  the  name  to  the  whole  group  of  "  Folded 
Agates." 

I  say  **  sometimes  parallel,"  because  the  folds  of  the  interior  beds 
are  much  more  complex  than  those  of  the  surface,  and  often  are 
most  notable  when  the  exterior  is  undisturbed ;  and  they  are 
specifically  peculiar  in  two  respects.  First,  they  are  formed  out  of 
beds  which  are  in  the  greater  part  of  their  course  accurately 
parallel,  and  arranged  in  gracefully  sweeping  continuous  curves, 
while  the  bands  of  ordinary  agates  are  broken  into  minor  undulation, 
and  run  into  irregular  curves.  Fig.  1  is  the  typical  structure  of 
common,  and  Fig.  2  of  folded  agate ;  the  line  ab,m  each  figure,  re- 
presenting the  surface  of  the  stona 


Fig.  1. 

Secondly,  These  sweeping  and  beautifully  parallel  beds  are  at  par- 
ticular points  of  their  course  suddenly  and  systematically  contracted, 
and  bent  outwards,  (outwards,  that  is  to  say,  in  nested  agates — in- 
wards in  stellar  agates,  but  the  stellar  formation  is  very  rare  in  this 
group)  like  flowing  drapery  raised  by  a  rod  beneath  it ;  and  this  ideal 
rod  may  either  raise  these  sheets  of  drapery  hanging  over  it,  as  clothes 
hang  over  a  line ;  or  on  the  end  of  it,  as  the  sides  of  a  tent  hang  from 
its  pole  ;  *  with  every  variety  of  beautiful  curvature,  intermediate  be- 
tween these  two  arrangements.  The  ideal  rod  is  of  course  composed 
of  the  interior  chalcedony  or  quartz ;  and  I  once  supposed  the  entire 
range  of  these,  phenomena  to  be  dependent  on  the  former  subtle 
influx  of  the  dissolved  silica  at  the  points  where  the  apparent  rods 
or  tubes  reached  the  exterior  of  the  stone ;  but  I  now  believe  rather 


^  In  Plate  XIII.  Fig.  1  sbows  the  clothes-line  arraagement  in  pure  rarface-aectioii, 
and  Fig.  2  in  penpectiyo,  seen  through  the  transparent  stone,  the  edges  onlj  of  the 
pendant  yeils  being  at  the  surface.  Of  the  tented  arrangement  I  will  give  examplei 
^n  succeeding  plates,  but  tbej  are  not  specificaUj  different  arrangements ;  thej  azB 
only  accidental  yariations  in  the  direction  of  the  interrupting  masseii. 
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that,  taking  Fig.  3  as  a  formal  type  of  a  perfect  folded  agate,  the 
^  points  a,  b,  e,  etc.,  at  the  sides  of  the 

nest  have  been  those  of  imptded  secre- 
tion or  deposit  (if,  which  is  not  by  any 
means  clear  to  me,  there  has  been  suc- 
cessive deposit  at  all),  and  that  the  in- 
\  t«rmediate  curved  beds  are  the  increas- 
\  ing  stalactitic  masses.  The  right  lines 
indicating  flaws  at  the  intersection  of 
/  these  masses,  are  essential  in  the  typi- 
/  cal  structure.    The  two  npper  figures 
in  Plate  XJH.  will  characteristically 
represent  the  phenomena  principally 
resultant,  though   the   complexity   of 
these  phenomena  is  so  great  that  in 
ng.  s.  detail  they  can  only  be  followed  out 

by  the  reader  with  good  specimens  of  the  stones  in  his  hand, 

I^.  1  is  ftrim  a  veiy  rare  agate  in  my  own  collection,  which 
unites  the  characters  of  the  folded  group  with  that  of  the  nested 
agates  which  have  level  beds  (the  pure  folded  agates  never,  as  far  as 
I  have  seen,  contain  rectilinear  tracts),  and  the  folds,  or  tubes  of 
arrest,  in  this  stone  are  less  regular  in  stmotnre  than  in  typical 
examples,  and  present  somewhat  the  appearance  of  having  been 
caused  by  contraction,  the  rent  spaces  being  afterwards  filled  by  the 
inner  quartz.  BntI  believe  this  appearance  to  be  wholly  deceptive. 
Whatever  the  cause  of  the  interruptions  may  be,  they  are  certainly 
not  mere  rents  like  those  of  septaria.  The  greater  width  of  the 
white  band  at  the  top,  which  suggests  the  idea  of  large  influx  there, 
is  a  sectional  deception  ;  this  white  band  is  of  equal  thickness  every- 
where ;  and,  with  all  the  others,  seems  entirely  concentric,  except 
when  interrupted  by  the  tubes,  and  by  the  changes  in  the  direction 
of  the  films  in  its  own  substance  which  are  connected  with  them. 
Fig.  2  is  from  a  piece  of  perfect  folded  agate,  showing  the  symme- 
trical arrangement  of  its  successive  beds  round  the  tubes,  and  their 
lovely  dependent  curves  as  they  detach  themselves.  In  some  oases, 
however,  the  tubes  appear  isolated  in  the  mass  of  the  stone,  or  in- 
terrupt the  beds  in  their  own  thickness ;  but  in  whatever  accidental 
relation  to  the  secreted  chalcedony,  they  assuredly  indicate  a  peculiar 
state  of  its  substance  at  the  time  of  secretion ;  and  their  nature,  and 
the  conditions  under  which  they  develope  tbemselveB,  must  be  under- 
stood before  we  can  hope  to  explain  the  more  complex  tubular  form- 
ation of  dendritic  chalcedonies. 

And  this  investigation  is  rendered  doubly  difBcult  by  the  per- 
petucJ  confusion  in  all  agatescent  bodies  between  the  concretionary 
separation,  and  successive  deposit  of  their  beds.  If  these  folded 
agates  were,  indeed,  formed  in  successive  beds,  from  without 
inwards,  as  it  has  been  supposed,  it  should  be  possible  some- 
times to  trace  the  point  of  influx  of  material,  and  the  sequence  of 
the  added  bands  from  it,  which  I  never  yet  have  been  able  to  do 
■atis&ctorily  in  a  single  instance  in  folded  agates  (and  only  with 
suspicion  of  the  appearance  of  it,  even  in  the  brown  coated  and  level 
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bedded  atoaei  in  whiidi  it  seems  to  be  of  otdinaiy  oocnrrenoe)  :  aaii 
alaok  the  bods  ongbt  to  preaent  some  of  the  irregularly  aoonmnUte 
npeot  of  common   oaloareooB  etalaotito;    and  in  the  interior  we 


(N^jfat  to  find  sometimes  vacancies  left  by  the  failure  of  snpply. 
Bnt  on  the  oontrsry,  folded  agates  are  olwaya  /nil,  so  far  as  I  tiAve 
seen,  except  ocoasionolly  in  the  oentres  of  their  tubes,  or  in  hallows 
of  outer  folds,  bnt  they  are  always  closed  in  their  oentres  (differing, 
obaerre,  again  asentiaUy  irom  common  agate  in  this  cironmstanoe), 
and  their  beds  are  not  only  parallel,  instead  of  inegnlarly  heaped, 
bnt  involved  in  the  strangest  way  in  reduplicate  crystalline  series. 
See  the  interior  of  the  stone,  Fig.  2,  in  Plate  XIII. 

On  the  other  hand,  were  they  truly  concrete,  these  beds  ong^t  to 
exhibit  occasionally  clear  evidsnoe  of  subordinate  concretion  in  their 
mass.    Urns  in  the  tme  concrete  jasperine  agate,  Fig.  4,'  the  beds 


which  are  simply  concurrent  on  the  ric;ht  hand  break  np  presendyi 
and  separate  into  flamy  and  shell-like  groups,  transverse  to  the 
general  bedding,  and  at  last  beud  round  a  knotted  nucleus ;  but 
nothing  of  thia  kind  ever  occurs  in  folded  agates,  thongh  their  veils 
of  dependent  film  are  Bometimes  covered  with  an  exquisite  dew  of 
minute  pisolitic  concretions,  making  them  look  (under  the  lens)  like 
a  beantiful  tissue  of  gossamer  laden  with  dew,  and  connected  with  a 
peculiar  complex  basalt-IJko  fracture  :  then  finally,  to  finish  the 
difficulty,  these  folded  agates  are  oonnoctod  by  a  series  of  scaroely 
distinguishable  transitions  with  the  group  which  we  shall  have  atit 
to  examine,  which  seems  to  be  tn  great  part  concretionary,  but 
concretionary  in  right  lines.  The  two  lowest  figures  in  Plate  XIII. 
are  outlines  of  two  of  the  most  singular  conditions  of  it.  Fig.  3, 
Plate  Xni.  is  reduced  in  scale  from  a  stone  which  I  shall  hereafter 
engrave  of  its  real  size,  as  its  mode  of  association  of  agatcscent  with 
ciystalline  structure  is,  as  far  as  I  know,  unique — and  its  proper 
discussion  is  connected  with  that  of  the  modes  of  increase  of  crystals. 
Fig.  4,  Plate  XIII.  is  from  an  agate  of  almost  equal  rarity,  though 
I  have  seen  other  examples  of  its  structure,  but  never  so  decisive  in 
character.  This  figure  is  slightly  enlarged,  being  of  a  portion  of  a 
mass  which  has  crystallized  out  of  a  breccia,  in  thin  wfdls  of  linear 
brown  agate  enclosing  opaque  white  agate,  leaving  internal  spaoes 
filled  with  quartz. 
The  entire  group  to  which  these  examples  belong,  oonBJstiiig  of 
'  Utunified  ■'>">'»  *•"»•  ti""^ 
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Trails,  or  tabular  ci^stallizatioQa,  of  ag&to,  I  shall  name  Uaral  agates ; 
and  they  are  connected,  on  the  one  hand,  with  Folded  agates,  by  a 
series  in  which  tabular  portions  of  the  external  matrix  are  torn  off 
like  pieces  of  broken  slate,  lifted  up  into  the  agatescent  mass,  and  then 
encrusted  with  folds  of  chalcedony ;  on  tho  other  hand,  when  the 
Mural  fragments  become  curved,  they  are  connected  with  a  great 
jasperine  group  of  the  moat  curious  interest,  which  I  shall  examine 
under  the  general  term  of  Involute  Agates,  consisting  of  bands  of  a 
consistent  structure,  broken  up  (or  fragmentwily  secreted).  Fig,  6,  a. 
in  fine  specimens  disposed  in  curves  resembling  the  contour  of  a 
haliotJs  shell.  Fig.  5,  a,  but  in  less  developed  examples  forming  broken 
vermicular  conoretions  in  a  jasperine  paste,  Fig.  5,  a.  It  is  almost 
Fig.  i. 


impossible  witliout  microscopic  examination  to  distinguish  some  of 
these  shell-like  concretions  (of  which  the  most  delicate  are  white, 
closely  crowded,  and  surrounded  by  milky  chalcedony),  from  true 
organic  remains  ;  and  to  my  mind  perhaps  the  most  singiilar  fact,  of 
all  that  are  connected  with  minor  physical  phenomena,  is  this 
^parent  effort  of  the  occult  natural  powers  to  deceive  their  investi- 
gator, by  making  one  thing  resemble  another.  There  seema  to  be  a 
mocking  spirit  in  Nature  which  sometimes  plays  with  its  creatures, 
as  in  the  orchis  tribe  of  plants,  or  the  mantis  group  of  insects ;  and 
sometimes  delilxrately  connects  two  totally  different  systems  of  its 
work  by  deceptive  rescniblances,  causing  prolonged  difficidty  or  error 
in  the  attempt  to  discriminafc  them.  In  this  subject  before  us,  for 
instance,  the  inorganic  secretions  of  chert  and  flint  are  connected,  by 
the  most  snbtle  resemblances,  with  those  which  liave  oi^nic  nuclei ; 
the  filiform  and  foliated  secretions  of  chlorite,  and  the  flamclike  and 
infinitely  delicate  mossy  traceries  of  jasper,  pass  with  the  cunningest 
treason  into  the  organisms  of  altered  sponge  and  wood ;  the  pisolitic 
and  radiatcd-crj stall ine  agate's  confuse  themselves  with  true  corals ; 
tiie  involute  agates  with  shells  ;  the  rolled  breccias  with  slowly 
knotted  secretions ;  and  all  the  phenomena  of  successive  deposits, 
quite  inextricably  with  those  of  segregation  1  I  imagine,  however, 
Uiat  the  reader  must  have  had  enough,  for  the  present,  of  these  mere 
statements  of  donbt,  and  as  my  next  subject,  mural  agate,  is  a  very 
difficult  one,  I  shall  delay  the  paper  for  some  time ;  but  meanwhile, 
if  any  good  chemist  would  set  briefly  down  for  mo  what  is  now 
positively  known  of  the  fluent  and  gelatinous  slates  of  silica,  and 
silicate  of  iron,  with  respect  to  their  modes  of  sepaiation,  when 
undisturbed,  from  other  substances,  it  would  be  of  the  greatest 
■ervice  to  me  (and  not,  I  should  ima^e,)  irrelovant  to  the  general 
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pnrpoBe  of  this  Magazine  ;  for  all  inquiries  respeoting  metamorpliio 
rocks  must  rest  oa  Bucb  clieinical  data  primarily) ;  and,  also,  X 
ahotild  be  gmteful  to  any  minuralogiat  wlio  would  give  me  aomo 
tenable  clue,  or  beginning  of  clue,  to  the  laws  which  afiect  the 
modes  of  cryBlalline  increase ;  that  is  to  say,  which  determine 
whether  a  prism  of  quartz  or  calcitc  shall  increase  at  the  extremitiCB 
or  at  the  flanks,  or  consi8tently  on  both,  or  inconsistontly  at 
difierent  parts  of  the  priam ;  aud,  capecially,  by  what  law  stellur  or 
or  roseate  aggregationB  take  place,  instead  of  confused  ones,  in 
groups  of  crystals;  and  by  what  tendencies  eome  miaerala,  fluor  for 
instance,  are  limited  in  their  expansions  of  the  cubic  or  other  com- 
mon form,  while  others,  such  as  aalt  and  the  oxide  of  copper,  are 
enabled  to  shoot  luilimitedly  into  prismatio  needles ;  and  others,  liks 
sulphide  of  iron,  will  form  in  solid  crystals  on  the  outside  of  oalcite 
and  in  stellar  acictilar  groups  within  it  If  I  can  got  some  help  in 
this  chemical  and  microscopic  part  of  the  work,  which  I  cannot  do 
myself,  I  ha-^e  hope  of  being  able  to  give  something  like  a  service- 
able basis  ibr  future  description  of  the  two  great  groups  of  oalcita 
And  ailica,  and  the  modifications  of  iron  which  colour  the  con- 
oretions  of  marble  in  the  one  case,  and  of  agate  iu  the  other;  and  I 
should  do  this  piece  of  work  with,  perhaps,  more  zeal  and  care  than 
another  person,  owing  to  its  connection  with  ray  own  speciality  of 
subject,  by  tlif  use  of  tlicsii  two  eirth -products  in  the  arts,  iind  the 
founiliitioi'i  r.f  iiLin-li  nf  ivliiil  in  m.ist  beautiful  in  nrdiiti-(;hu-e,  /ind 
perfect  in  gem -engraving,  on  the  accidents  of  congelation  which 
have  veined  the  marble  and  the  onyx.  J.  Buskui. 

Dbnkask  Hill,  22  nd  April,  1S68. 

IV. — ^A   Few  Notes   on   Claoton,  Essxx. 
By  Ihe  Eer.  0.  FisHBit,  MA.,  F.G.S. 

THE  following  is  taken  from  a  MS,  by  the  late  Mr,  John  Brown, 
F.Q.S,,  of  Stanway,  Gesex,  and  given  by  him  to  Professor 
Henslow,  who  gavo  it  to  me.  Tho  actual  measurements  are  not 
mentioned,  but  I  believe  the  scale  to  be  about  an  eighth  of  an  indi 
to  a  foot.  It  is  valuable  as  having  evidently  been  made  when  the 
beds  were  better  seen  than  usual.  Moreover,  the  constant  waste  of 
the  cliff  alters  the  section  continually. 

"1.  Vegetable  Soil „ 

2.  Loam  vith  interepereed  flints,  both  rounded  and  angulAr,  irliita 

quartz  pebblei.  and  Quartz  Sandalone  in  boulders 

1.  f  reahwater  ahcUi  m  red  aand 


6,  Hnrinc  and  freBhwater  shells 

6.  Peat,  with  Buhordinate  and  Interrupted  beds  of  m 
water  shells  (loath  of  nater  rat) 


7.  Harine  and  freshwater  shells 

8.  Bones  of  the  1ur;,'er  raanunalia,  )(enerBlly  found  between  the  cliff 
and  low -water-mark,  freshwater  shells,  trunks  of  trees,  Duts,  and 
seeds,  as  we  find  in  the  upper  beds^  no  marine  fossil  shells 

9.  LondoBcUy  at  the  junctioaof  low-waler-maik"   


y 
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Td  thia  I  append  a  quotation  from  a 

Eper  by  the  game  geologist  in  the 
ig.  Nat.  Hist,  Tol.  iv.,  p.  197,  1860 : — 

"The  hollow  or  basin  occupied  by 
this  deposit"  (I  eonclnde  he  means  the 
exposed  section  of  it)  "  measures  about 
600  yards  in  a  north  and  south  direction, 
and  at  low  water  it  can  be  traced  for 
about  80  yarde  eastward  from  the  face 
of  the  cliff,  and  it  doubtless  extends 
much  further  under  the  sea,  as  the 
freshwater  ahells  and  bones  of  the  fossil 
mammalia  are  seen  lying  iu  their  la- 
onetrine  beds  close  up  to  low-water- 
mark." 

I  never  could  find  the  bed  (d)  exposed 
on  the  shore  as  Mr.  Brown  did.  But 
■pecimenB  of  the  Unto  litoralia,  and  of 
&&  black  and  white  pebbles  from  the 
top  of  it,  are  by  no  means  uncommon  at 
low  water  exactly  opposite  (rf)  in  the 
olifH  Even  in  the  diff  the  hsd  (d)  is 
seldom  now  to  be  seen  without  digging 
for  it,  and  then  it  can  only  be  found  ex- 
tending a  very  few  feet. 

In  Hr,  Brovm's  section  No.  2  is  what 
I  caU  "  frail." 

The  woodcut  (Fig.  2)  is  copied  from  a 
sketch,  made  on  the  spot,  of  the  manner 
in  which  the  "trail"  (a)  cuts  into  (b), 
where  it  is  five  feet  thick,  above  the 
peat  (e)  at  a  spot  about  160  yards  west 
of  (i),  in  the  diagram.     For  about  600 

{'ords  to  the  west  beyond  the  end  of  the 
ow  clifF  the  shore  at  low  water  is  oc- 
cupied by  London  clay  ;  and  then  com- 
mences a  submarine  forest  with  the 
stools  of  trees  rooted  in  the  London 
clay.  It  is  covered  with  the  usual  Scro- 
bieidaria  clay,  the  Scrobicularia  and 
other  sheUs  being  of  largo  size,  and  in 
that  respect  very  unlike  those  in  the 
older  peaty  deposit,  which  covers  the 
Lower  freshwater  bed.  I  saw  some 
small  lagoons  behind  the  present  beach, 
where  a  deposit  exceedingly  like  the  old 
peat  is  now  in  course  of  formation. 
It  seemed  to  show  that  the  sandy  layers  in  the  old  peat  were 
caused  by  sand  being  blown  into  pools  of  brackish  water. 
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Jaat  beyond  the  second  groin  going  from  East  to  West,  a  layer  of 
mnddy  clay  containing  roots  of  herbuceouB  plants,  imniediately  be- 
neath tbe  shingle's  foot,  ib  overlaid  by  a  laminated  clay  with  Indurated 
nodules  in  the  laminations,  whicli  appears  to  me  to  offer  a  curiouB 
instance  of  jiitwi  cleavage.  This  laminated  clay  is  full  of  "  sliken- 
slide,"  and  its  peculiar  condition  aeeuis  to  bo  due  to  some  heavy 
weight,  perhaps  of  a  shingle  beach,  pressing  it  towards  the  sea,  and 
by  the  pressure  causing  layers  of  it  to  become  indurated  (seo  Fig.  3). 


Some  caution  is  necessary  in  accepting  foasil  bones  as  the  pro- 
dnco  of  the  Clacton  deposit.  Fossil  bones  are  fri'ijucntly  procured  off 
the  K-^s.'x  i?<.i^l  in  111.--  ^r.x<-M  ol"  .livOt^ln--.  :w\.  Iirin^  s-.M  iiy  tho 
Clacton  fishermen,  ore  said  to  come  from  Clacton.  There  is  no 
reason  to  suppose  that  some  of  them  may  not  come  from  an  extonaion 
of  the  deposit  (d),  and  others  probably  from  beds  of  the  same  age ;. 
bnt  their  different  mineral  condition  vrill  at  once  show  that  they  hare 
not  been  obtained  immediately  from  the  bed  beneath  the  cliffl  Thft 
bones  from  thence,  which  Mr.  Brown  deposited  in  the  Britiah. 
Museum,  are  black  and  fragile.  Those  which  are  dredged  &re 
reddish  brown,  ponderous  and  strong.  This  is  the  condition  of  moit 
of  the  dredged  bones  which  I  have  seen,  whether  from  the  Essex, 
Suffolk,  or  Norfolk  coast.  It  would  be  worth  while  to  enquire  how 
their  condition  of  mineralization  becomes  thus  altered,  aa  it  appear! 
to  be,  by  the  action  of  sea  water.     It  seems  to  me  probable  tl^t  t^ 

Gsuliar  condition  of  the  rolled  bones  of  the  Grag-deposits,  whiah. 
ve  been  derived  from  older  beds,  may  be  accounted  for  in  the 
same  manner.  Bones  are  also  obtained  from  the  submarine  forest  at 
Claoton,  which,  unless  I  am  very  much  mistaken,  is  of  an  age  long 
posterior  to  the  deposit  (d).  This  case  of  the  juxtaposition  of 
mammaliferous  bods  of  very  different  ages  is  similar  to  that  de- 
icribed  by  Mr.  Dawkias  as  occurring  at  Fagham,  on  the  ooaat  ti 
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V. — ^Thb  Fossil  Insects  of  Nokth  Amesioa. 

By  Samttsl  H.  Scuddxb,  Curator  of  tbe  Museum  of  tiie  Botton  Society  of  Natural 

History,  U.S. 

(Concluded  from  thb  Apeil  Numbbb,  p.  177.) 

\  Some  years  ago,  Dr.  Dawson,  who  has  himself  been  very  success- 
fhl  in  the  discoyery  of  insect-remains,  described  and  figured  ^  fhtg- 
ments  of  a  species  of  myriapod  under  the  name  of  Xylobiua  Bigillaria, 
The  remains,  many  of  which  occurred  in  coprolites  of  reptiles,  were  ob- 
tained at  the  Joggins,  in  upright  Sigillaria  trees,  between  coal-groups 
fourteen  and  fifteen  of  division  four  in  Dr.  Dawson's  detailed  secti(Mi 
»  of  the  Nova  Scotia  formations.'  As  his  descriptions  of  the  animal 
and  its  mode  of  occurrence^  are  easily  accessible  to  English  geologists, 
it  is  needless  to  refer  to  them  more  explicitly.  The  coprolites,  how- 
ever, yielded  some  true  insect  remains ;  *  these,  as  well  as  fragments 
of  insects,  not  coprolitic,*  were  kindly  sent  me  for  examination  by 
Dr.  Dawson.  They  consist  almost  entirely  of  crushed  and  indeter- 
minate masses  of  chitinous  matter ;  the  few  detached  and  connected 
abdominal  segments  which  can  be  distinguished  invariably  show  that 
the  abdomen  was  slender  and  the  insect  of  medium  size.  Beyond 
this,  little  can  be  said  of  them.  I  noticed,  however,  two  remains  of 
eyes ;  one  crushed,  distorted,  and  ill-defined,  the  other,  the  beautiful 
fragment  mentioned  by  Dr.  Dawson,*  whose  original  size  it  is  diffi- 
cult to  determine.  The  facets  are  large  and  regularly  disposed, 
somewhat  resembling  the  Perlida ;  but  the  proportion  of  the  eye  to 
the  body  varies  so  much  in  insects  that  it  is  impossible  to  judge  of 
the  size  of  the  animal  to  which  this  fragment  belonged.  A  few 
articulations  of  an  antenna  are  seen  on  one  of  the  stones ;  they  pro- 
bably belonged  to  a  very  small  or  very  young  cockroach.  All  the 
remains  of  insects  appear  to  be  neuropterous  or  orthoptcrous.  I 
believe  I  have  distinguished  five  different  kinds.  There  were  also 
two  leeches  belonging  to  distinct  genera. 

Dr.   Dawson   states   that  he   has  seen  a  fossil  fern   {Cyclopterts 

tAneimites^  acadica)  from  the  Coal  measures  of  Nova  Scotia  which 
ore  tracks  like  those  made  by  mining  insects.'' 
Kemains  of  insects,  much  more  completely  preserved  than  those 
which  I  have  mentioned,  have  been  found  in  the  Carboniferous  rocks 
of  Morris,  Illinos.     The  beds  from  which  the  fossils  are  derived  lie 
near  the   base  of  the   Illinois   Coal-measures.     In  the  locality  at 

^  Quart.  Journ.  Geol.  Soc  Lend.,  vol.  xvL  pp.  271-3;  vol.  xviii.  p.  6;  Caa.  Nat 
vol  viii.  pp.  280,  283,  pi.  vi.  figs.  57-61  ;  Air-breathcre  of  the  Coal  Period,  pp.  63, 
64,  67,  pi.  vi.,  fiffs  67-61,  Svo.,  Montreal,  1863  ;  Acadian  Geology,  Suppl.,  p.  36, 
ig.  46,  ISmo.,  Edinburgh,  1855-60. 

'  Quart.  Journ.  Geol.  Soc.  Lond.,  vol.  ixii.  p.  116. 

'  Quart.  Journ.  Geol  Soc.  Lond.,  vol.  ix.  pp.  58-63 ;  vol.  xvL  pp.  269-70 ;  Acadian 
Geology,  p.  161,  Suppl.  p.  33. 

*  See  also  Quart.  Journ.  Geol.  Soc.  Lond.,  vol.  xviii.  p,  6. 

•  From  Coal  Groups  7  and  9  of  div.  4  ;  Quart  Journ.  Geol.  Soc.  Lond.  vol.  xxii. 
pp.113,  114. 

^  •  Quart.  Journ.  Geol.  Soc.  Lond.,  vol.  xviii.  p.  6 ;  Can.  Nat.  vol,  viii.  p.  276,  pL 
vi.  fig.  56 ;  Air-breathers  of  the  Coal  Period,  p.  59,  pL  vi.  fig.  66, 
^  Quart.  Journ.  Geol.  Soc.  Lond.,  voL  zviiL  p.  6. 
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Harris  they  form  the  overlying  deposit,  but  a  short  distance  beyond, 
at  Mnrphysboro,  the  beds  are  oapped  by  others  and  their  strati- 
graphioal  position  made  dear.  The  following  section  given  me  by 
Mr.  Lesquereux  will  a£ford  an  idea  of  their  relation  to  the  surround- 
ing strata : — 


1 

t 

ll 

> 

The  true  coal  m  it  oocun  in  Illinoia 

Sandstone 

200  ft. 

Cold 

6  ft. 

Soft  blue  Shales  with  pebbles  containing  Insects,  etc 

40  ft. 

Coal  (Morris  ooal) 

r  8-4  ft.  at  Morris 
\  6  ft.  at  Mnrph  jsboro 

Shales 

40  ft. 

HiUstone  Grit-conglomerate 

6  ft. 

At  Frog  Bayou,  in  Arkansas,  the  millstone  grit  is  much  more 
extensively  developed,  and  the  insect  shales  lie  directly  beneath  it. 

The  fossils  at  Morris  are  enclosed  in  biscuit-shaped  ironstone 
nodules.  On  weathered  surfaces,  these  nodules  show  a  tendency  to 
lamination,  but  the  interior  has  a  homogeneous,  compact  structure  of 
a  greyish  colour ;  the  enclosed  fossil  seems  to  have  been  the  nucleus 
around  which  the  concretionary  action  took  plaoe.^  The  remains 
consist  of  reptiles,  insects,  amphipod  crustaceans,  worms,  and  plants. 
Several  insects  were  found,  two  of  which  have  been  described  by 
Professor  Dana'  under  the  names  of  Miamia  Bronsoni  and  Heme': 
ristia  occidentcdts.  In  a  letter  written  to  Professor  Dana,'  I  gave 
my  views  of  the  zoological  relations  of  these  animals,  •  and  subse- 
quently published  an  extensive  memoir,*  discussing  some  questions 
which  arose  from  their  study.  In  both  of  these  insects,  the  wings 
were  all  preserved,  and,  in  one  case,  the  greater  portion  of  the  body 
also ;  but  as  the  wings  were  embedded  in  the  concretions  in  their 
natural  position  in  repose,  overlapping  one  another,  new  difficulties 
were  added  to  the  determination  of  their  affinities.  A  close  examina- 
tion of  this  intricate  network  of  crossed  veins  enabled  me  to  assign 
to  each  wing  its  respective  veins ;  the  body,  also,  of  Miamia  per- 
mitted restoration.  Heretofore  no  naturalist  had  made  use  of  the 
structure  of  the  wings  in  distinguishing  the  families  of  Neuroptera 
from  each  other ;  but,  confident  of  success,  I  made  careful  compari- 
sons among  the  living  types,  and  found  that  characters  drawn  from 
these  parts  were  both  important  and  reliable.  I  showed  how  a 
formula  of  the  structure  of  the  wing  could  be  laid  down  for  every 
family,  and  thus  came  to  the  conclusion  that  Miamia  and  Hemerislia 
were  types  each  of  a  new  family  of  Neuroptera,  synthetic  in  character, 

1  Meek  and  Worthen.    Proc.  Acad.  Natural.  So.  Philad.  1866,  pp.  41-2. 

'  Sill.  Amcr.  Journ.  Sc.  and  Arts  [2]  xxxviL  p.  34. 

s  Sill.  Amer.  Jonrn.  Sc.  and  Arts  [2J  xl.  p.  268. 

'  Memoirs  Boat.  Soc.  Nat  Hist.  vol.  i.  pp.  173-92,  pi.  li. 
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combining  peculiarities  both  of  Ntun^jpUra  proper  and  of  PseudO' 
neuroptera,  I  subsequently  came  to  similar  conclusions  concerning 
some  of  the  Devonian  insects  and  the  HaplopkUhtum  irom  the  Car- 
boniferous rocks  of  Cape  Breton«  In  the  case  of  Miamia  and  Heme- 
rislia,  I  have  ventured  to  define  and  name  the  families  to  which  they 
belong,  calling  them  respectively  Palaaplerina  and  HemeriiHna, 
From  the  remains  of  the  body  we  may  judge  that  the  habits  of 
Palaaplertna  were  similar  to  those  of  SiaUna. 

Bemains  of  two  other  animals,  found  in  the  ironstone  concretions 
at  Morris,  have  been  described  by  Messrs.  Meek  and  Worthen.- 
One  form  was  considered  a  Myriapod ;  the  other,  the  woolly  cater- 
pillar of  a  moth.  If  the  latter  were  truly  a  caterpillar,  it  must  have 
belonged  to  one  of  the  higher  families  (Arctiada),  and  the  discovery 
would  be  one  of  the  most  interesting  facts  in  the  recent  history  of 
fossil  embryology.  It  must  be  confessed  that  the  resemblance  of 
PaUBocampa  anthrax  to  a  caterpillar  is  very  striking,  but,  judging 
from  the  descriptions  and  figures,  I  am  inclined  to  refer  both  of  these 
imperfectly  preserved  remains  to  the  class  of  worms..  The  hinder 
haCf  of  the  body  of  the  so-called  myriapod  (Anthracerpes  typus) 
tapers  to  a  point,  and  the  extremity,  which  is  furnished  with  a  few 
Betas,  bears  little  resemblance  to  the  form  of  myriapod.  Neither 
head  nor  legs  are  represented  on  the  plate. 

Passing  upwards,  we  have  next,  in  the  Triassic  rocks  of  the 
Conneoticut  River,  some  questionable  tracks,  referred  by  Hitchcock 
to  insects  and  myriapods  :  little  attention  has  yet  been  paid  to  them. 

Bemains  of  insects,  which  I  believe  to  be  larvae  of  Coleopteraf 
have  been  fomid  in  slates  similar  to  those  in  which  the  fossil  fish  of 
the  Connecticut  Biver  occur ;  but  Professor  Marsh  informs  me  that 
the  two  remains  have  never  been  found  directly  associated  with 
each  other.  Professor  Hitchcock  has  described  and  figured  these 
larvas  under  the  name  of  Moi-molticoides  articulatuSy^  stating  that 
Professor  Dana  considered  them  neuropterous.  Dr.  Le  Conte, 
having  examined  the  figures  alone,  expressed  an  opinion  that  the 
animal  was  the  larva  of  a  neuropterous  insect,  belonging  to  the 
family  of  Ephemeridce,  Dr.  Hitchcock  then  desired  the  name  to  be 
changed  to  Pahphemera  madieva,  by  what  just  law  of  zoological 
nomenclature  I  do  not  know.  I  shall,  therefore,  in  writing,  retain 
the  original  name  of  Mormolucaides  artictdaim. 

Professor  0.  C.  Marsh  has  kindly  lent  me  a  slab  containing  from 
twenty  to  thirty  specimens  of  this  insect,  and  I  have  examined 
individuals  in  the  Museum  of  the  Boston  Society  of  Natural  History. 
So  few  of  the  insects  have  a  single  segment  of  the  body  perfectly 
preserved,  that  it  is  difficult  to  make  out  their  real  form ;  enough 
can  be  seen,  however,  to  warrant  the  following  statements  and 
descriptions : — 

The  body  is  formed  of  fourteen  segments ;  the  first  two  are  rather 
smaller  than  the  others.     The  first  segment  is  quadrangular,  and 

^  Geological  Survey  of  Illinois,  vol.  ii.  p.  409-10,  pi.  32,  figs.  1,  la,  3.    Proo. 
Acad.  Nat.  So.     Philad.,  1865,  p.  51-3. 
>  Ichnology  of  MaBsachiuetts,  pp.  7,  8,  pi.  yii.,  figs.  3  and  4, 
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lirioe  aa  broad  as  long ;  tbe  angles  are  well  rounded ;  the  front  ia 
deeply  excavated,  and  the  two  lobes  thus  formed  have  elevated  boeses. 
Tlie  seootid  Bcgmeat  is  a  little  lai^r  thau  the  firet,  and  is  regular  in 
fann,  twice  as  broad  as  long,  and  has  ronndod  sides.  The  third  and 
lugeet  segment  of  the  body  is  twice  as  broad  as  the  second,  but  of 
the  same  form  and  proportions  ;  the  rest  are  of  a  eimilar  form,  but 
grow  very  gradually  amaller,  and,  toward  fbe  extromity  of  the 
tkbdomeo,  proportionally  longer.  The  last  se(:^ent  is  no  broader 
tbaa  the  second,  and  nearly  square,  'tvith  rounded  angles :  a  dorsd- 
mark,  consistinfi;  of  two  impressed  lines,  lying  parallel  and  close 
together,  extends  the  whole  length  of  the  body. 

Where  the  dorsal  surfaces  are  espoeed,  there  are  no  eigne  of 
appendages,  but,  in  a  single  case,  the  upper  surface  seeras  to  bo 
presented  to  view.  Here,  the  anterior  extremity  is  imperfect,  but 
on  either  side  of  the  first  three  s^^ents  which  are  preserved,  slight 
elevations  appear  to  be  indications  of  legs.  The  inner  edges  of 
these  elevations  are  bent  at  right  angles,  the  angle  being  directed 
inward  and  rounded  off,  so  as  to  make  the  elevations  appear  almost 
crescent-shaped ;  on  the  outer  side,  the  elevated  portion  dopes 
gradually  away.  The  segments  composing  tlie  body  are  widely 
separated  from  each  other,  and,  in  many  cases,  actually  parted; 
they  mnst  have  been  of  a  homy,  or,  at  least,  a  coriaceous  texture, 
with  a  slighter  connecting  meiubrano.  Fragments,  consisting  of 
one  or  two  segments,  are  scattered  about  on  the  stones. 

The  drawings  given  by  Dr.  Hitchoock  are  inaccurate,  if  the  speci- 
mens before  me  belong,  as  I  snppose,  to  his  species.  He  has  figured 
them  with  lateral  appendages  of  a  peculiar  character.  I  believe  these 
do  not  exist — but,  that,  in  all  cases,  the  sides  of  the  segments  are 
regularly  and  symmetrically  curved.  Unless  they  are  examined  with 
great  care,  one  might  easily  believe  in  such  a  lateral  prolongation  of 
Uie  segments,  but  this  appearanoe  ia  always  owing  either  to  the 
imperfect  state  of  the  specimens  or  to  their  inoomplete  exhibition 
upon  the  stone.  It  was  chiefly  on  account  of  these  appendages  that 
I>r.  Le  Conte  referred  the  insect  to  the  Ephemerirta. 

There  is  bat  one  specimen  on  Professor  Marsh's  slab  where  tiM 
anterior  s^ments  are  well  defined  ;  even  here,  they  have  a  deoeptiTS 
aoomalouB  appearance,  similar  to  the  large  drawing  in  Dr.  Hittihoook's 
last  work. 

Judging  from  the  form  of  the  Mormolueoidet,  ftvnt  its  being  pro- 
Tided  wi£  feet  on  the  thoracic  segments  alone ;  and,  from  the  fact, 
that  all  the  segments  were  evidently  formed  of  hard  shells — I  am 
convinced  that  the  remains  mtist  be  larvsa  of  eoleopterous  or  nenropr 
terous  insects.  The  nature  of  the  segments,  indeed,  would  be  in 
exact  keeping  with  a  myriopodal  character,  but  the  absence  of  any 
indication  of  legs  upon  the  posterior  segments,  and  the  small  and 
fixed  number  of  the  segments  themselves,  prevent  our  referring  them 
to  that  group.  The  slight  development  of  legs  seems  to  preclude  the 
possibility  of  their  belonging  to  Neuroplera,  and  we  are  thus  inclined 
to  consider  them  coleopterous  larvae.  They  certainly  remind  one  (^ 
some  Ce6n'onuI<s,  but  tlie  only  known  larva  of  that  group  lives  <m  tlte- 


230 


Seudder — Fossil  Insects  of  North  America. 


roots  of  plants,  and  would  not  be  likely  to  oocur  in  such  a  deposit  as 
that  in  which  these  remains  were  found. 

The  only  specimens  of  insects  from  the  Tertiaries  of  North  America 
were  discoyered,  in  1865,  by  Professor  William  Denton,  in  the  valley 
of  the  White  River,  Colorado,  near  the  confines  of  Utah.^  This 
valley  lies  just  west  of  the  main  chain  of  the  Hocky  Mountains,  and, 
according  to  Professor  Denton,  the  rocks  all  belong  to  the  Tertiaiy 
age.  The  country  in  which  they  occur  is  a  most  remarkable  one ; 
the  whole  surfiEtce  is  bare  rock,  eroded  by  water  into  ravines  and 
oanons,  gorges  and  valleys,  a  thousand  feet  in  depth.' 

The  following  table  gives  Professor  Denton's  view  of  the  super- 
position of  the  rocks ;  the  thickness  of  the  several  deposits  is  only 
estimated.  The  upper  beds  are  found  near  the  junction  of  the  White 
and  Green  Rivers  in  Utah ;  the  lower  ones,  near  the  Parahlamoosh 
Range,  where  they  are  covered  by  immense  beds  of  lava. 


1 

2 

Red  and  white  saiidstones 

Seen,  but  not  examined 

2000  ft. 

Brown  sandstones,  passing  occasionally 
into  conglomerate    and   alternating 
with  thin  tieds  of  hlneish  and  cream- 
coloured  shales,  all  dipping  to  the 
west  at  an  angle  of  about  20^.    Pro- 
bably of  Miocene  age. 

TiHtles;  firagments  of  large 
bones  and  teeth  of  mam- 
mals ;  foasil  wood  of  de- 
ciduous trees.    Perpendi- 
cular veins  of  petroleum 
eoal.  In  the  lower  shales 
Jnteett  and  leaves  of  de- 
ciduous trees. 

1200  ft. 

3 
4 

Petroleum  shales,  varying  in  tint  from 
A  Ught-cream  to  inky  blackness.   One 
bed,  20  feet  thick,  resembles  cannel 
.eoal. 

Innumerable    remains    of 
Insects  and  leaves  of  de- 
ciduous trees. 

1000  ft. 

White    or    light-brown    sandstones. 
White  shales,  on  which  are  ripple 
marks.      Brown    shales    and  shaly 
sandstones. 

800  ft. 

6 

Thick  white    sandstones  and  brown 
shales.    Thick  brown  sandstones. 

Brown    sandstones,    wea^ 
thered  into  cavities. 

1000  ft. 

6 

7 

Sandstone,    limestone,    shales,    blue, 
brown,  and  black  underclays.    Beds 
of  coal  or  lignite.    Brown  sandstones 
and  shales,  very  soft.     Coal  in  se- 
veral beds,  with  underclays.     White 
sandstones,    with    alternating    blue 
shales. 

Limestone  contains  conchs 
and   small    gasteropods. 
Two  wide  expansions  of 
White  River  Valley  have 
been  made  where  the  soft 
shales  occur. 

2700  ft. 

Compact  red  sandstones.    White  sand- 
stones.   Bed  sandstones,  shaly  and 
micaceous.     Thin  fetid  limestones. 

Fragments  of  shell  in  the 
limestone. 

1400  ft. 

8 
9 

Yellow  soft  sandstone 

300  ft. 

Gypsum 

200  ft. 

*  Proc.  Bost.  Soc.  Nat.  History,  vol.  x.,  pp.  305-6,  vol.  xi.,  pp.  117-8  ;  American 
Naturalist,  vol.  i,  p.  56 ;  Hollister;  The  Mines  of  Colorado,  pp.  378-87,  12mo. 
Springfield,  1867.  *  Hollister,  Mines  of  Colorado,  p.  383. 


Seudder-^FoMl  Injects  of  North  America.  331 

I  liave  ezamined  speoimens  from  Bed  No.  8,  above ;  perhaps,  the 
lower  shales  of  No.  2,  in  which  insect  remains  occur,  belong  properly 
to  No.  3.  The  fossils  were  brought  from  two  localities,  called,  by 
PiDfiBOGor  Denton,  Fossil  Canon  and  Chagrin  Valley;  they  were 
about  sixty  miles  apart,  but  the  rocks  in  both  cases  were  the  same. 
From  the  specimens  I  have  seen,  I  should  judge  that  the  shales  were 
droosited  at  the  edge  of  a  fresh- water  lake. 

Ninety  specimens,  embracing  about  sixty-five  species,  were 
bronght  home ;  many  of  the  litUe  slabs  contain  several  species  of 
insects,  but  the  remains  are  often  too  fragmentary  and  imperfectly 
preserved  for  identification.  Two-thirds  of  the  species,  and,  at  least, 
three^fourths  of  the  specimens,  are  dipterous;  some  of  these  are 
stout,  aquatic  larvsa,  whose  more  advanced  stages  aiiQ  not  represented 
on  the  stones.  The  perfect  Diptera  are  mostly  Mycelophilida  and 
TipuUda  ;  there  are  also  some  small  Coleoptera  and  a  few  Hcfmoptera^ 
Hffmenoptera,  L^doptera,  and  Physopoda.  The  Homoptera  are  repre- 
sented by  species  allied  to  Issus,  Gypona,  and  Delphax;  well 
preserved  specimens  of  Myrmtca  and  FomUea  represent  the  Hymen' 
opiera,  A  poorly-preserved  Moth,  apparently  a  Noctuid,  is  the  only 
member  of  the  Lepidoptera^  unless  one  of  the  larv»  prove  to  belong 
to  some  genus  resembling  Limacodes.  Perhaps  the  Physopo^ 
belonging  to  a  group  which  has  never  been  found  fossil,  is  of  the 
greatest  interest :  it  differs  essentially  from  all  of  Heeger's  illustra- 
tions of  this  group.  The  abdomen  is  scarcely  larger  than  the  thorax ; 
the  veinless  under  wings  are  almost  as  long  and — ^near  the  tip— quite 
as  broad  as  the  upper  wings.  Both  the  upper  and  lower  veins  of  the 
npper  wings  are  connected  with  the  margin  by  cross-veins,  which 
occur,  at  about  one-third  and  two-thirds  of  the  distance,  from  the 
base  to  the  tip  of  the  wing.  The  principal  veins  approach  each  other 
near  the  centre  of  the  wing,  and  are  connected  by  a  cross-vein.  The 
wing  is  heavily  fringed  with  hairs,  those  on  the  imder  border — espe- 
cially near  the  tip — being  about  throe  times  the  length  of  those  on 
the  costal  border ;  there  are  a  few  hairs  at  the  tip  of  the  abdomen. 
Several  specimens  of  this  insect  are  admirably  preserved :  although 
its  parts  are  so  minute  that  the  outline  of  the  imder  wing  can  only 
be  determined  by  the  microscopic  hairs  upon  its  border,  the  insect 
can  be  completely  restored  from  two  or  three  individuals.  I  have 
proposed  for  it  the  name  of  Palaothrips  fossils. 

The  specimens  from  the  two  localities  differ  so  completely  as  to 
awaken  the  suspicion  that  the  rocks  of  one  locality  may  be  older 
than  those  of  the  other.  In  both  places,  Myeetophiltda  and  other 
Diptera  are  found,  but,  in  Fossil  Canon,  the  variety  and  abundance 
are  proportionately  greater.  The  Ant,  the  Moth,  the  Thrips,  and 
nearly  all  the  small  Coleaptera  are  restricted  to  Fossil  Canon,  while 
the  larvae  come  from  Chagrin  Valley. 

Perhaps  no  general  conclusion  can  be  drawn  from  this  small 
collection,  particularly  as  there  is  a  total  absence  of  means  of  com- 
paring it  with  fossil  insects  of  a  similar  age  in  this  countiy ;  yet, 
while  it  does  not  agree  in  the  aggregation  of  species  with  any  of 
the  insect-beds  of  England  or  Southern  Europe,  nor  with  those  of 
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the  Amber  fauna,  there  can  be  little  doubt  that  it  belongs  to  the 
Tertiary  epoch. 

We  olose  with  a  few  statements  relative  to  the  eighty-seven  species 
mentioned  in  the  previous  pages.  Six  of  them  are  from  the 
Devonian  Formation ;  fifteen  from  the  Carboniferous ;  one  from  the 
Trias ;  and  sixty-five  from  the  Tertiaries.  Ten  are  Coleopiera  :  viz., 
one  from  the  Trias  and  nine  from  the  Tertiaries ;  four  are  OrihopUra, 
all  from  the  Carboniferous;  nine  are  Nenropiera,  viz.,  six  frt)m  the 
Devonian  and  three  from  the  Carboniferous.  live  more,  either 
Orikoplera  or  Neuropleray  are  from  the  Carboniferous.  Three  are 
J9yineiiopi«r«,  forty -five  are  Dtpf  era,  six  are  Hemiptera,  all  from  the 
Tertiaries.  Three  are  Lepidoptera,  viz.,  one  doubtful  from  the 
Carboniferous  and  two  from  the  Tertiaries,  one  of  which  is  also 
doubtful.  Two  are  Myriapoda,  both  from  the  Carbonift^ous,  but  one 
of  doubtful  character.   No  spiders  have  been  found  fossil  in  America. 

From  this  it  appears  that  the  JHptera,  HemipUra,  Hymenoptera, 
and  Lepidoptera  (omitting  the  doubtful  ones  from  Illinois)  are  re- 
stricted to  the  Tertiaries ;  the  Coleoptera^  with  one  Triassic  exoep- 
iion,  to  the  same;  the  Orthoptera  and  Myriapada  to  the  Carboni- 
ferous ;  while  the  Neuroptera  are  found  in  both  the  Devonian  and 
Carboniferous  formations. 

BotTOir,  U.S.,  N^vtmher  25<A,  1867. 
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L — 'VLbl.  David  Fobbes*  Bssbabches  ik  Bbitish  Minebaloot. 

TirR.  FORBES  has  published  in  recent  numbers  of  the  " PhUo- 
JxL  sophical  Magazine"  a  series  of  papers,  in  which  he 
proposes  to  record,  from  time  to  time,  the  results  of  his  investi- 
gations in  British  Mineralogy*  In  these  communications  it  is  his 
intention,  to  use  his  own  words,  *'  besides  treating  of  the  physical 
oharaoter  and  chemical  composition  of  the  minerals  under  con- 
sideration, to  pay  especial  attention,  whenever  it  is  practicable,  to 
their  association,  paragenesis,  and  mode  of  occurrence,  as  connected 
with  the  petrology  and  geology  of  their  localities,  in  order  thereby 
to  elucidate,  as  far  as  pos^le,  the  origin  and  formation  of  the  rock- 
masses,  or  mineral  veins,  in  which  they  may  happen  to  be  im- 
bedded." Before  proceeding  to  the  task  in  question,  he  devotes 
aome  attention  to  the  present  position  of  this  branch  of  science  in 
the  United  Kingdom,  and  finds  that,  though  the  labours  of  British 
mineralogists  in  the  first  third  of  the  present  century  gained  for 
British  science  a  position  "of  which  the  country  might  well  be 
proud,"  the  advances  which  have  dnce  been  made  are  mainly  due  to 
the  researohes  of  Continental  inquirers.  This  unsatisfactory  state 
of  things  he  ascribes  to  the  superior  attraction  of  palaaontolc^y  on 
Uio  one  hand,  and  organic  chemistry  on  the  other,  and  fears,  more- 
over, that  the  British  geologists  of  the  present  day  often  undervalue 
iuiportaaoe  of  a  knowledge  of  Quuexalogy  for  the  sucoessful  pro- 
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BMrntion  of  petrologioal  in-vestigations.  Specnlations  are  made  on  the 
chemical  changes  which  our  rook-masses  have  undergone  before  we 
are  in  possession  of  accurate  data  respecting  the  mineralogical  cha- 
lacter  and  chemical  composition  of  the  rocks  themselves.  **  Only  very 
few  chemical  analyses  of  British  rocks  have  been  made/'  and  it  is 
homiliating  to  learn  that,  ''  in  this  respect,  England  stands  far  be- 
hind the  rest  of  Europe ;  France,  Germany,  Russia,  and  even  the 
fflnall  kingdoms  of  Norway  and  Sweden  are  far  in  advance  with 
r^ard  to  the  knowledge  of  the  chemiccil  and  mineralogical  compo- 
sition of  their  rocks."  Through  the  absence  of  exact  information  on 
this  important  subject,  the  nomenclature  at  present  used  by  petrolo- 
gists  "  is  altogether  inadequate  to  the  demands  of  the  more  advanced 
state  of  the  other  branches  of  geological  inquiry  ;  in  geological  sur- 
veys and  maps  it  is  common  to  find  eruptive  rocks  of  totally  different 
mineral  and  chemical  composition  and  age  confounded  with  one 
another,  and,  in  other  cases,  to  find  rooks  coloured  and  described  by 
names  that  do  not  pertain  to  them.  In  fact,  the  present  state  of 
classification  and  nomenclature  of  the  eruptive  rocks  is  such  that  it 
becomes  impossible  to  know  with  any  certainty  what  exact  rock  may 
be  intended  or  mapped  under  the  names  generally  in  use."  The 
science  of  mineralogy,  as  expounded  in  t<ext  books,  is  too  apt  to  be 
considered  merely  to  treat  of  the  physical,  chemical,  and  crystal- 
lographic  characters  of  mineral  species,  and  to  end  here.  "The 
study  of  their  mode  of  occurrence,  association,  and  paragenesis,  as 
well  as  of  their  origin  and  the  relations  which  they  bear  to  the  geo- 
logy of  the  matrix  in  wliich  they  are  embedded,  is  one  of  the  highest 
importance  and  interest  to  the  mineralogist."  These  considerations  are 
generally  neglected,  and  it  has  become  customary  to  regard  the  presence 
of  minerals  in  rock  masses  as  accidental,  and  to  shirk  the  question  of 
their  origin.  It  is  evident,  however,  their  presence  is  due.,  not  to 
chance,  but  to  the  operation  of  definite  laws ;  and  to  this  important 
subject  the  author  directed  his  attention.  His  researches  have  led 
him  to  certain  general  conclusions,  which  are  given.  "  Excepting 
only  the  smaller  number  of  species  which  make  up  the  bulk  of  rock 
masses  in  general,  it  was  found  that  most  other  minerals  when  oc- 
curring in  eruptive  rocks,  even  when  met  with  in  the  most  widely 
separated  parts  of  the  globe,  present  themselves  under  similar  con- 
ditions, have  the  same  associated  minerals  along  with  them ;  and 
that  the  eruptive  rocks  in  which  they  occur,  whenever  the  age  of 
their  intrusion  could  be  satisfactorily  ascertained,  frequently,  if  not 
always,  corresponded  in  geological  chronology."  In  the  eruptive 
rocks  by  far  the  greater  number  of  mineral  species  have  been  found ; 
and  in  all  parts  of  the  globe  the  same  or  very  analogous  minerals 
are»  as  a  rule,  found  to  accompany  the  outbursts  of  similar  eruptive 
rocks.  Far,  therefore,  from  regarding  the  appearance  of  minerals  in 
•eruptive  rock-masses  as  accidental  or  extraneous,  the  author  holds 
that  more  extended  and  accurate  investigation  will  demonstrate,  that, 
in  like  manner  as  the  occurrence  of  certain  fossils  or  groups  of 
fossils  enables  the  geological  age  of  a  sedimentary  bed  to  be  deduced, 
BO  will  the  presence  of  certain  minerals,  or  classes  of  mineraLs,  serve 
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as  a  means  of  identifying  the  contemporaneous  intrusions  and  out- 
bursts of  the  eruptive  rocks,  which,  at  different  geological  epochs, 
have  disturbed  the  earth's  external  crust."  It  was,  likewise,  observed 
that ''  whenever  the  same  mineral  is  present  in  two  or  more  rocks  of 
different  geological  age,  it  is  usually,  if  not  invariably,  characterised 
in  each  case  by  certain  peculiarities,  either  in  physical  structure  or 
chemical  composition,  which  serve  to  distinguish  it  under  the  different 
circumstances  of  occurrence."  This  is  shown  to  be  true  of  felspar, 
mica,  augite,  garnet,  apatite,  hornblende,  etc.  In  short  the  minerals 
generally  regarded  as  accidental  and  extraneous,  oftentimes  form  the 
real  characteristic  of  the  rock-masses  containing  them. 

The  author's  labours  on  this  important  question  have  been  greatly 
retarded  by  the  great  scarcity  of  facts  which  were  found  available. 
This  is  principally  due  to  the  neglect  of  mineralogists  tf>  record 
in  their  description  of  minerals  their  mode  of  occurrence,  their 
mineral  association,  and  the  nature  and  age  of  the  rock  in  which 
they  are  imbedded,  as  well  as  to  the  want,  already  mentioned,  of 
chemical  analyses  of  many  of  even  the  most  common  British  mineral 
species.  Of  the  306  British  species  and  sub-species  described  in  one 
of  the  most  recently  published  manuals  of  mineralogy  of  the  British 
Islands,  164  have  not  yet  been  examined ;  and,  it  would  scarcely 
be  believed,  that  amongst  these  are  included  such  minerals  as  horn- 
blende, augite,  orthoclase,  labradorite,  chlorite,  talc,  garnet,  tourmaline, 
olivine,  epidote,  serpentine,  beryl,  etc.  Moreover,  our  present  know- 
ledge of  the  composition  of  British  rocks  is  of  an  equally  imsatisfactory 
kind.  "  May  it  not  now  be  fairly  asked  whether  the  natural  infer- 
ence to  be  deduced  from  these  facts  is  not,  that  it  is  high  time  for 
British  mineralogists  and  geologists  to  set  to  work,  in  order  to  supply 
these  deficiencies  before  occupying  themselves  in  propounding  vague 
theoretical  explanations,  to  account  for  the  origin  and  metamorphosis 
of  rocks  in  the  field  ?"  In  the  author's  papers  are  given  a  descrip- 
tion and  analyses  of  the  following  British  minerals. 

Gold  from  the  Clogau  Quartz  Lodcy  No.  2. — The  lode  occurs  in  the 
Lower  Silurian  Lingula  beds,  close  to  their  junction  with  tiie  Cam- 
brian strata  of  the  Geological  Survey ;  it  runs  about  18°  north  of  east, 
and  dips  at  an  angle  of  88*"  to  south,  cutting  through  both  fossili- 
ferous  strata  and  the  intruded  diabases,  which  are  described  as  green- 
stones in  the  Survey ;  and  it  is,  consequently,  of  later  geological  age 
than  both  these  rocks,  and  is  not  improbably  younger  flian  the  Silu- 
rian formation  as  a  whole.  The  explorations  appear  to  indicate  that 
the  lode  is  more  auriferous  at  the  parts  where  it  cuts  through  the 
Lingula  beds,  with  their  accompanying  diabases,  than  at  greater  depth 
where  it  traverses  the  Cambrian  grits.  Among  the  accessory  minerals 
found  in  the  lode  are  tetradymite,  iron  pyrites,  chalco-pyrite,  galena, 
chlorite,  calcite,  dolomite,  chalybite,  and  heavy  spar,  which,  as  well 
as  the  gold,  are  distributed  very  irregularly  in  the  quartz.  When 
the  quartz  contains  calcite,  dolomite,  and  chalybite,  or  includes  frag- 
ments of  neighbouring  clay-slate,  it  is  regarded  as  likely  to  be  more 
auriferous  than  when  the  lode  consists  of  quartz  only.  When  iso- 
lated fragments  of  the  slate  are  found  in  the  quartz  of  the  lode,  the 
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{old  and  other  metaUio  minerals  are  oommonly  found  adhering  to 
or  oystalliEing  on  their  under  sarfaces,  which  may  have  arrested 
these  mineralB  in  the  act  of  being  carried  into  lode-fissm^  from 
bdow  with  the  stream  of  liquid  quartz.   The  specific  gravity  of  one 

rimen  of  gold  was  found  to  be  17-26,  and  two  aiuJyses  showed 
per-oenti^  composition  of  gold  90,  silver  9-25,  the  remainder 
being  quarts.  These  numbers  closely  agree  with  the  formula  Au« 
Ag.  Another  alloy,  lighter  in  colour  and  probably  richer  in  silver, 
is  sometimes  met  with  in  the  lode. 

Siream  CMd  from  Ihe  Biver  Mawddaeh. — ^A  specimen  of  the  dust 
washed  from  the  bed  of  the  river  near  Owynf3mdd,  some  eight  miles 
from  Bolgelly,  contained  small,  flattened,  elongated  spangles  of  gold, 
the  largest  having  the  size  of  a  pin's  head,  accompanied  by  abund- 
ance of  fine  black  sand,  supposed  to  be  magnetite,  but  foimd  to  be 
titanoferrite,  together  with  some  small  particles  of  quartz,  slate- 
rock,  mica,  iron  pyrites,  and  galena.  The  gold  was  found  to  have 
a  specifio  gravity  of  15.79,  and  the  following  composition:  gold 
84-89,  silver  18*99,  iron  0.84,  and  quartz  0*48.  Several  spangles 
had  a  peculiarly  rich  yellow  colour  due  to  a  thin  film  of  sesquiozide 
of  iron  adhering  to  their  surface. 

Tiianoferrite, — ^The  basaltic  or  doloritic  rocks  of  the  South  Staf- 
fordshire coal-field  invariably  contedn  a  small  amount  of  a  heavy 
black  metallic  mineral,  strongly  attracted  by  the  magnet,  and 
generally  regarded  as  magnetic  oxide  of  iron,  whilst  analysis  showed 
it  to  be  titanoferrite.  Removed  from  the  pulverised  rock  by  means 
of  a  magnet,  it  was  found,  on  examination,  tc  have  a  specific  gravity 
of  4-69,  and  a  composition  closely  approximating  to  the  formula 
Fe,  0,  Ti  0,.  The  associated  minerals,  distinguishable  only  in  thin 
sections  when  viewed  under  the  microscope,  are  a  triclinic  soda-lime 
felspar,  augite,  and  a  small  quantity  of  what  is  probably  seladonite, 
whilst  pyrites,  apatite,  and  a  zeolitic  mineral  are  likewise  occa- 
sionally present.  An  examination  of  specimens  of  these  basaltic 
rocks  from  each  eruptive  boss  in  Staffordshire,  as  well  as  others 
from  the  intrusive  masses  occurring  in  coal-pits,  showed  that 
titanoferrite  is  invariably  present,  and  is  consequently  an  essential 
constituent  of  the  rock  itself.  It  is,  moreover,  that  variety  of 
titanoferrite,  which  usually  accompanies  the  eruptive  rocks  of 
Palseozoic  age.  The  presence  of  titanium  not  only  serves  to  charac- 
terise the  basalts  of  this  district,  but  likewise  affords  a  means  of 
detecting  these  rocks  where  altered  by  metamorphic  action,  and  of 
referring  tuffs,  clays,  etc.,  formed  from  them,  to  the  original  source. 
Two  instances  furnishing  proofs  of  this  are  mentioned. 

Polyielite  from  the  Foxdale  Silver  Lead  Mine,  Isle  of  Man. — This 
mineral  has  been  found  in  quantity  sufficient  to  make  it  an  object  of 
commercial  consideration.  The  lode  wherein  it  occurs  cuts  through 
both  the  Lower  Silurian  and  the  eruptive  granite ;  the  latter 
appeared  subsequent  to  the  deposition  to  these  beds,  and  is  identical 
in  its  mineralogical  character  with  the  auriferous  granites  of  other 
parta  of  the  globe.  The  minerals  associated  with  the  polytelite  are 
galena,   chalcopyrite,   iron   pyrites,    zincblende,  quartz,    dolomite. 
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(dialjbite,  and  oalcite.  The  cbaracters  of  the  mineral  itself  are  as 
follows  :  massive  ;  opaque  ;  lustre  metallic  ;  colour  brown-blaok ; 
streak  black  to  brown-black  ;  fracture  sub-conchoidal,  uneven,  and 
granular ,  brittle  ;  powder  black  ;  hardness,  3*5,  scratching  calcite, 
but  not  fluor ;  specific  gravity,  4*97.  Analysis  led  to  the  following 
numbers :  sulphide  of  silver,  15*67 ;  sulphide  of  antimony,  34*82 ; 
sulphide  of  copper  (Cu  S),  34*26;  sulphide  of  iron,  7*57 ;  sulphide 
of  zinc,  7*18 ;  and  sulphide  of  lead,  1*66.  These  results  differ  but 
little  from  the  composition  of  specimens  of  polytelite  from  other 
localities  to  which  the  formula  4  (Cu^  Ag,  Fe,  Zn,  Pb)  S,  Sb  S,  is 
attributed ;  it  appears  not  unlikely,  however,  tiiat  in  such  metallic 
sulpho-salts  the  copper  may  really  be  in  the  form  Cu  S. 

PolyteUte  from  the  Tyddynglwadis  Silver  Lead  Mine,  N.  Wales, — 
This  mine  lies  in  the  valley  of  the  river  Mawddaoh,  near  Dolgelly, 
and  is  close  to  the  junction  of  the  Cambrian  rocks  with  the  Lower 
Silurian  Lingula  beds,  the  main  lode  cutting  through  the  Menevian 
group  with  its  associated  diabases.  The  polytelite  is  disseminated 
in  the  lead  ores  of  this  mine,  and  was  with  difficulty  isolated  in 
sufficiently  pure  a  condition  for  analysis.  Its  associated  minerals 
are  native  gold,  native  silver,  galena,  chalcopyrite,  blende,  iron 
pyrite,  arsenical  pyrites  and  quartz.  Assays  showed  the  polytelite 
to  contain  11*25  per  cent,  of  silver.  In  the  washing  of  the  ores  of 
this  mine  it  had  been  noticed  that  the  lighter  slimes  were  the 
richer  in  the  precious  metals,  which  the  author  imagined  to  be 
due  to  the  greater  part  of  the  silver  occurring  in  the  form  of  poly- 
telite (specific  gravity  4*8),  and  not  as  a  constituent  of  the  galena 
(specific  gravity,  7*7).  He  succeeded,  by  careful  washing,  in 
separating  the  metallic  portion  of  the  powdered  ore  into  two  layers, 
the  lighter  in  which  was  most  of  the  polytelite,  containing  182 
ounces  of  silver  per  ton,  and  the  denser,  consisting  of  argentiferous 
galena,  yielded  60  ounces  of  silver  per  ton. 

Sulphides  of  Iron  and  Nickel, — The  sulphide  of  iron  and  nickel 
from  the  nickel  mine,  near  Inverary  Castle,  Argyllshire,  possessed 
the  following  characteristics :  massive ;  fracture  between  granular 
«uid  semicrystalline  ;  brittle  ;  opaque ;  lustre  metallic  ,*  colour,  light 
bronze-brown ;  hardness,  3*5 ;  strongly  magnetic ;  specific  gravity, 
4*5.  It  was  composed  of  38*01  per  cent,  sulphur,  50*66  iron,  and 
11*33  nickel  ;  and  is  probably  to  be  regarded  as  composed  of 
Millerite  and  pyrrhotine.  Some  specimens  of  nickeliferous  pyirho- 
tine  from  this  mine  are  studded  with  brass-yellow  spots  resembling 
iron  pyrites,  and  after  the  lapse  of  some  years  the  double  sulphide 
becomes  disaggregated,  whereby  the  separation  of  the  yellow 
mineral  can  be  effected.  Its  specific  gravity  was  found  to  be  4*93, 
and  its  composition  :  sulphur  43*32,  iron  45*73,  nickel  1*99,  cobalt 
1*24,  copper,  1*18.  The  iron  pyrites  appears  to  have  segregated  out 
of  the  general  mass,  carrying  with  it  the  cobalt  and  copper,  scarcely 
a  trace  of  cobalt  being  found  in  the  pyrrhotine  ;  and  there  appears 
to  be  a  tendency  on  the  part  of  cobalt  to  associate  itself  with  bisul- 
phide of  iron,  whilst  nickel  appears  to  prefer  uniting  itself  with  the 
znagnetio  sulphide.      A  chemit^al  examination  of  several  hundred 
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qwoimens  of  iron  pjritee  and  magnetic  pyrites  taken  from  ninend 
lodes  and  eruptive  rooks,  proved  that  nickel  was  very  rarely  foond 
in  iron  pyrites,  when  onaooompanied  by  pyrrbotine,  but  that  cobalit 
was  very  commonly  present  in  small  quantity, — and,  on  the  other 
hand,  ikait  cobalt  was  equally  seldom  present  in  magnetic  p3rrite8  if 
unaoeompaaied  by  iron  pyrites, — also  that  when  both  these  metab 
w«re  present  in  a  specimen  of  pyrites,  the  nickel  greatiy  prepon- 
derated when  the  pyrites  in  question  was  magnetic,  whilst  the 
reverse  was  found  to  be  the  case  in  the  ordinary  iron  pyrites.  A 
specimen  of  sulphide  of  iron  and  nickel  from  the  Cmigmuir  mine, 
near  Inverary,  was  likewise  examined.  The  lode  in  this  district 
traverses  metamorphic  strata,  and  is  disturbed  by  intersecting  tn^p- 
pean  dykes.  The  characters  of  this  mineral  agreed  closely  with 
those  of  the  specimen  already  mentioned,  its  specific  gravity  was 
4-602,  and  its  composition :  sulphur  37-99,  iron  60'87,  nickel  10*01, 
and  cobalt  102. 

Oendorfite  from  Ae  Craigmuir  Nickel  Miner  n^o**  Inoerary. — ^This 
minexal  occurs  in  a  small  string  or  cross-course  intersecting  the  main 
lode  of  sulphide  of  iron  and  nickel.  The  specimen  examined  was 
a  compact  aggregate  of  minute  indistinct  crystals  along  with  quarts 
and  a  taloose  mineral.  In  places,  patches  and  strings  of  copper 
pyrites  were  visible,  but  littie  or  no  sulphide  of  iron  and  nickel 
occurred  with  it,  although  this  last-mentioned  mineral  formed  the 
mass  of  the  lode.  The  characters  of  the  mineral  are  as  follow : 
crystallized ;  opaque ;  lustre  metallic ;  colour,  white  to  greyish 
white,  tarnishing  to  a  greyish-brown  tinge ;  streak,  black ;  powder, 
blackish  grey;  fracture,  granular;  brittle;  hardness,  3-76,  rather 
below  fluor  spar;  specific  gravity  of  two  specimens,  6*65  and  5*49. 
Hie  percentages  of  the  analyses  accord  with  the  formula  Ni  (S  As)„ 
and  show  the  British  mineral  species  to  bear  a  resemblance  to  the 
crystallized  specimens  from  Schladming  in  Styria. 


n. — ^The  Bonk-Caves  of  Bbazil  and  theie  Animal  Beicains. 

By  Professor  IlEiifHA.BiyT. 

riltLlS  distinguished  author,  well  known  to  zoologists  by  his 
JL  numerous  and  valuable  contributions  to  the  history  of  Mammals 
(especially  Cetacea),  Birds,  Reptiles,  Fishes,  etc.,  has  favoured  one 
of  the  popular  scientific  journals*  of  his  coimtry  with  a  detailed 
and  very  interesting  account  of  **  The  Bone-Caves  of  Brazil  and  their 
Animal  Eemains  ;"  a  subject  on  which  Professor  Beinhardt,  through 
his  repeated  travels  in  that  country,  and  his  familiarity  with  its 
recent  and  Post  Pliocene  fauna,'  must  be  regarded  as  one  of  the  first 
authorities.  In  the  hope  that  one  of  the  mauy  popular  scientific 
reviews  and  journals  of  England  will  give  its  readers  the  plea- 
sure of  becoming  acquainted  with  his  memoir  in  extenso,  through  a 

^  Tidschrift  for  populare  Fremstillinger  af  Naturmidenskaben,  udginet  af  C.  Togh 
az  C.  Liitken,  1867. 

s  Dr.  P.  W.  Lnnd's  collections  from  the  Brazilian  Cares  in  the  Museum  of  Gopen- 
bagen  are  entrusted  to  the  care  of  Prof.  Reinhardt. 
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translation,  we  shall  here  restrict  ourselves  to  giving  in  the  author's 
own  words  the  general  conclusions  with  which  he  sums  up  the  most 
important  results  of  his  careful  studies  on  the  subject 

"  1.  During  the  Post  Pliocene  epochs,  Brazil  was  inhabited  by  a 
very  rich  Mammalian  Faima,  of  which  the  recent  one  might  almost 
be  said  to  be  a  mere  fraction  or  a  crippled  remnant,  as  many  of  its 
genera,  even  families  and  sub-orders,  have  vanished,  and  very  few 
been  added  in  more  recent  times. 

"  2.  During  the  whole  Post  Pliocene  epoch  the  Brazilian  Mam- 
malian Fauna  had  the  same  peculiar  character  which  now  distin- 
guishes  the  South  American  Fauna,  compared  with  that  of  the  Old 
World ;  the  extinct  genera  belonging  to  groups  and  families,  that 
to  this  very  day  are  peculiarly  characteristic  of  South  America.  Only 
two  of  its  genera,  the  one  extinct  (Mastodon),  the  other  still  living 
(the  Horse),  belong  to  families  that  in  our  epoch  are  limited  to  the 
Eastern  Hemisphere. 

"  3.  All  the  Mammalian  orders  were  not  in  the  same  degree  richer 
in  genera  in  former  times  than  now.  The  Bruta,  Ungulata,  Pro- 
boscidea,  and,  lastly,  the  Ferae,  have  relatively  suflfered  the  greatest 
losses.  Some  orders,  for  instance  the  Chiroptera  and  Simi©,  nimiber 
perhaps  even  more  genera  now  than  formerly. 

"4.  The  Post  Pliocene  Mammalian  Fauna  of  South  America 
differed  much  more  from  the  modem  one,  and  was  especially  more 
rich  in  peculiar  genera,  now  extinct,  than  the  corresponding  fauna  of 
the  Old  World. 

"  5.  The  scantiness  of  great  Mammalia — one  might  say  the  dwarf- 
like stamp  impressed  upon  the  South  American  Mammalian  Fauna 
of  our  days,  when  compared  with  that  of  the  Eastern  Hemisphere,  was 
much  less  observable,  or  rather  did  not  exist  in  the  prehistoric  Fauna. 
The  Post  Pliocene  Mastodonts,  MacrauchenisB,  and  Toxodonts 
of  Brazil,  its  many  gigantic  Armadillos  and  Sloths  could  well  rival 
the  Elephants,  Ehinoceros,  and  Hippopotami,  which  during  the  same 
period  roamed  the  soil  of  Europe."  X.A. 
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NOIJVELLKS  RflCHERCHES  SUB  LE8  AnIMAUX  VERT^BBfeS  DONT  ON 
TBOUVE  LES  OSSEMENTS  ENFOUIS  DANS  LE  SOL  ET  SUB  LEUB  COM- 
PABAISON     AVEO    BBS    iSPECES    AOTTJELLEMENT    EXISTANTES.        Par 

Paul  Gebvais.  Ire.  serie.  Illustrated  by  60  plates  and  numerous 
•    woodcuts.     Arthur  Bertrand,  Paris,  1867.     4to. 

r[8  work,  of  which  we  have  the  first  five  numbers  before  us,  is 
announced  to  be  completed  in  thirteen  parts,  each  of  24  pp., 
accompanied  by  four  lithographic  plates  and  woodcuts. 

The  first  division  of  the  work  treats  of  the  Antiquity  of  Man  and 
the  Quartemary  Period 

After  giving  a  short  history  of  the  opinions  that  have  beeen  ex- 
pressed since  the  attention  of  geologists  was  first  turned  to  this 
subject,  the  author  recoimts  some  of  tne  discoveries  which  led  scien* 
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tifio  men  to  snraect  the  oo-exietenoe  of  man  with  the  larger,  and  long 
■inoe  extinct^  Mammalia  of  the  Pleistocene  epoch. 

In  the  first  chapter,  M.  Gervais  discusses  the  value  of  the  different 
proofs  of  the  existence  of  prehistoric  man  in  Western  Europe,  e.g, 
fossil  human  bones,  flint  and  bone  implements,  many  of  the  latter 
being  made  of  the  bones  of  extinct  animals,  that  had  evidently  been 
out  when  in  a  fresh  state,  and  on  some  of  which  were  drawings  of 
the  Mammoth,  Beindeer,  and  other  animals  long  since  extinct,  or 
which  had  migrated  from  these  regions  in  prehistoric  times,  and 
whose  remains  are  found  associated  in  the  Quaternary  deposits  and 
caves  of  France  and  England,  etc. 

Next  comes  an  aocoimt  of  the  "  Palafittes  "  or  Swiss  lake-habi- 
tations, the  newest  of  which,  our  author  thinks,  approach  very  near 
to  historic  times,  and  do  not  date  back  more  than  2000  years  (just 
at  the  commencement  of  the  Bronze  Age),  the  earlier  ones,  how- 
ever, belonging  to  the  Stone  Age. 

In  talking  of  the  Bronze  Age,  a  curious  mistake  occurs,  for  M. 
Gervais  says  the  Phenicians  came  as  fisor  as  SeoUand  to  seek  one  of 
the  elements  of  this  alloy,  which  surely  must  be  a  misprint  for 
Cornwall  (Part  2,  p.  29). 

Full  descriptions  of  the  implements  and  human  animal  remains, 
as  well  as  a  long  list  of  the  plants  found  in  the  Lake-habitations,  are 
given. 

The  second  chapter  is  on  the  deposits  of  the  Quaternary  Period, 
and  their  division  into  four  epochs,  in  all  of  which  flint  implements 
are  found,  but  which  are  paleeontologically  distinguishable  by  means 
of  the  animal  remains  occurring  in  them. 

1st.  The  Epoch  of  Elephas  meridionalis,  which  he  considers  indis-^ 
putable  since  the  discovery  of  worked  flint  at  St.  Prest.  E.  meri'' 
dionalis  is  considered  in  England  to  characterize  an  epoch  antecedeni 
to  man's  appearance  in  Western  Europe.  If  found  with  human  im- 
plements at  St.  Prest,  we  may  yet  hear  of  the  discovery  of  flint 
implements  in  the  Norfolk  Forest  bed.  M.  Gervais  admits  that  it 
is  difficult  to  separate  this  period  from  the 

2nd,  The  Epoch  of  Elephas  primigenius ;  having  the  Mammoth  for 
its  principal  species,  also  the  Great  Bear,  the  Hyaena,  and  the  Gave 
Lion,  etc. 

3rd.  The  Epoch  of  the  Domestic  Reindeer. 

4th.  The  Epoch  of  the  Lake-dwellings. 

Then  follow  descriptions  of  the  Osseous  Breccia  of  Montpellier,  etc 

Chapter  III.  contains  minute  descriptions  of  caverns  which  M. 
Gkrvais  has  himself  explored.  They  are  mostly  situated  near  the 
centre  of  France  and  in  Lower  Languedoc.  He  commences  with 
Boca-Blanca,  near  Cabrier^s,  Herault,  one  of  the  most  modem. 
Hero  several  human  skeletons  have  been  found ;  the  skulls  are  of 
the  hrachycephalic  type,  and  associated  with  them  are  bones  of  sheep, 
pigs,  rabbits,  and  a  small  race  of  oxen. 

2nd.  Cavern  of  Baillargues,  near  Castries  (Herault). 

3rd.  Pontil,  near  St  Pons  (Herault),  in  which  were  found,  along 
with  a  human  frontal  bone,  a  canine  tooth  of  Ursus  arctos  split 
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loiigitiidinallj  and  pi^oed  near  the  base;  the  ja;w  of  a  beaver, 
various  instrumenU  formed  from  bones  of  ihinooeroe  (fifc.  Jfierdbit  f ) 
ox  (Bo$  prvmgtmwt),  fox,  badger,  from  teedi  of  horse,  of  stag's 
horn,  and  terra-cotta,  which  apparently  belong  to  ^e  age  of 
the  Swiss  Lake-habitations ;  haiKlleB  maide  of  horn  for  flint  im- 
plements, and  some  stone  implements.  Five  plates  are  devoted  to 
the  contents  of  this  cavern,  and  the  figores  are  of  the  natural  size. 
Here  were  also  found  some  instuments  of  the  Bronze  and  even  of  the 
Iron  Age,  and  a  fibula  of  silver;  but  these  latter  had  apparently 
fallen  in  at  a  superior  opening. 

4tlL  Several  caverns  in  the  neighbourhood  of  Granges  (HSranlt). 
In  which  were  found  flint  implements,  bones  of  man,  ox,  and  goat ; 
teeth  of  fox,  pierced  by  man ;  two  valves  of  the  common  mussel, 
bones  of  Vrttu  gpekeuSy  Cervus  daphu,  and  Copra  ctgagrw  that  had 
evidently  been  fractured  by  man. 

5th.  Cavern  of  Bize  (Aude).  Bones  of  Equua  cabaUuSf  Bos  primt- 
genius,  Capra  agagrusy  AntUope  ChrisU>U%,  Bupicapra,  Cervus  BebouUi, 
0.  taranduSf  Cams  lupus,  C  tmlpes,  Fdis  sevaloides,  Ursus  spei^ms, 
Hyana  Bpdaa,  embedded  with  human  remains  and  implements  made 
of  stone  and  of  the  bone  of  many  of  the  above  animals,  together 
with  the  following  shells  : — Peetunculus  glycimeris,  Pecten  jaeobaus, 
Mytilus  edulis,  Buccinum  retiadatumy  Natica  miUe-punciata,  Turbo  nm- 
toideus,  Clyclonassa  neriicda,  Cypraa  coccinella,  some  of  which  had 
been  perforated  by  man. 

6.  Caverns  of  Mialet,  etc.  (Gard),  where  occur  bones  of  Felis 
antiquay  in  addition  to  tiiose  mentioned  before,  and  Antelope  Mialeti, 

Chapter  IV.  contains  remarks  on  Bhinoceros  and  a  few  other 
genera  of  Pleistocene  mammals,  having  reference  more  especially  on 
the  identity  of  their  species,  and  on  what  has  been  recoi'ded  about 
them  by  other  palaeontologists. 

Chapter  V.  gives  an  account  of  the  fossils  of  Algeria,  and  a  com- 
parison of  the  Quaternary  mammals  with  those  of  Western  Europe, 
and  their  living  representatives  in  Central  Africa. 

In  Chapter  VI.  the  reader  is  furnished  with  an  account  of  all  the 
known  mammals  of  the  Quaternary  period,  and  the  localities  where 
the  remains  of  the  rarer  species  have  been  met  with. 


OUR  SCIENTIFIC  AND   POPULAR  JOURNALS. 

I.  The  Popular  Science  Eeview  (No.  27)  for  April  contains,  in 
addition  to  much  other  interesting  scientific  matter,  an  excellent  and 
most  instructive  article  on  "  The  Gems  and  Precious  Stones  of  Great 
Britain."     By  Professor  John  Morris,  F.G.S.,  of  University  College. 

After  giving  a  brief  historical  accoimt  of  the  uses  to  which  pre- 
cious stones  are  applied  by  Oriental  races,  and  of  the  traditions  con- 
nected with  various  species  of  gems,  the  author  proceeds  to  describe 
those  which  occur  in  the  British  Islands, — e.g.  the  garnet,  topaz, 
beryl  or  emerald,  sapphire (?),  and  the  varieties  of  amorphous  and 
crystallized  quartz,  as  rock-crystal,  amethyst,  cairngorm,  agate, 
0Byx>  oalcedony,  jasper,  opal,  etc      In   Great  Britain  these  are 
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geaoeially  fbnnd  embedded  in  the  roak-maas,  whilst  the  valuable. 
and  moat  highly  prized  stones,  which  come  to  us  from  abroad,  axe 
rarely  obtained  from  the  original  matrix,  but  are  usually  found  as 
grains  or  pebbles  in  ancient  or  modem  alluvial  deposits,  the  more 
perfect  and  solid  ones  only  having  resisted  the  wear  and  tear  to. 
which  they  have  been  subjected  since  they  were  set  free  by  the 
breaking  up  of  their  parent  ropks.  Hence  the  comparative  abund- 
ance of  the  precious  stones  in  the  river-valleys  of  India,  Ceylon, 
Australia^  and  South  America,  which  traverse  the  metamorphio 
strata  in  which  these  minerals  were  originally  imbedded. 

Of  the  gems  and  precious  stones  found  in  Great  Britain,  by  far 
the  largest  class  are  compounds  and  varieties  of.  silica,  which  owe 
their  beauty  as  gems,  in  many  instances,  to  the  presence  of  an  in- 
finitesimal quantity  of  some  metallic  oxide,  as  manganese,  iron,, 
chromium,  etc.,  thus  producing  those  beautifully  coloured  stones,, 
the  emerald,  amethyst,  cairngorm,  etc.,  so  extensively  used  in^ 
jewelry. 

In  speaking  of  the  Beryl,  at  page  130,  we  observe  a  misprint, 
which  might,  if  passed  over,  mislead  the  reader.  It  is  there  stated 
that  "  Beryl  is  harder  than  Topaz."  On  referring  to  the  "  TabLa 
of  Physiced  Characters  of  Gems,"  given  on  page  133,  however,  we- 
find  their  relative  hardness  correctly  stated  thus  (placing  the  hardness; 
of  the  Diamond  at  10) : — ^Topaz=8  ;  Beryl  =  7-5. 

This  article  will  be  found  most  instructive,  both  historically  and 
mineralogically — the  Chromolithographic  plate  which  accompanies 
it  is  not,  however,  so  good  in  its  way  as  those  to  "Keynaud's 
Histoire  Elementaire  des  Mineraux  Usuels"  (see  Gibol.  Ma0.  Vol. 
IV.  1867,  p.  555). 

n.  The  Quabteely  Joubnal  op  Science  (No.  28)  for  April,  par- 
ticularly recommends  itself  to  our  notice  by  a  most  valuable 
paper  by  Professor  Dr.  G.  Zaddach,  of  Kduigsberg,  on  "  Amber, 
its  Origin  and  History,  as  illustrated  by  the  Geology  of  Samland  " 
(Prussia).  The  age  of  the  '*  Glauconitio  sand  "  deposit,  which  yields 
this  interesting  and  valuable  fossil  Eesin,  is  of  Eocene  or  Lower 
Oligocene  age,  according  to  Mr.  C.  Mayer,  of  Zurich ;  but  the 
associated  fossils  are  marine  Mollusca,  Echinoderms,  and  Polyzoa ; 
and  the  Amber  is  usually,  more  or  less,  rounded  and  water-worn, 
the  associated  fossil-wood  being  generally  only  found  in  small  pieces 
apparently  half-decayed  at  the  time  of  their  deposit.  Dr.  Zaddach 
devoted  himself  therefore  to  the  task  of  ascertaining  the  probable 
position  of  the  old  land-surface,  upon  which  the  Amber-pines  grew, 
that  furnished  this  rich  deposit,  yielding,  on  an  average,  ^-Ib.  to  lib. 
of  Amber  to  every  cubic  foot  of  sand.  Searching  for  and  examining 
with  care  all  the  pebbles  and  fragments  of  rock  which  occur  in  the 
"  Amber-earth,"  and  tracing  these  to  the  parent-rock,  he  shows  that 
the  Tertiar}'  '^  Glauconitic  sand  "  has  been  formed  out  of  the  waste 
of  the  Greensand  where  that  deposit  reposed  on  old  Silurian  rock 
and  ho  traces  the  deiivation  of  both  the  Silurian  pebbles  and  Green- 
sand  to  the  waste  of  the  old  high  lauds  of  Northern  Europe,  con- 
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aistiiig  of  the  crystalline  rocks  of  Scandinavia  and  Finland  and  the 
Silarian,  Deyonian,  and  Cretaceous  strata,  once  extending  from 
Scandinavia  over  tlie  area  now  occupied  by  the  northern  part  of 
the  Baltic  and  its  bays  through  Courland  and  Esthonia  &r  away 
eastwards. 

The  trees  of  this  old  northern  land  appear,  nevertheless,  to  have 
enjoyed  a  temperate  climate,  elevated  probably  by  a  warm  marine 
current  from  the  tropics.  Thus  Camphor-trees,  Willows,  Beeches, 
Birches,  and  numerous  Oaks  occur,  together  with  Pines  and  Firs,  in 
great  variety,  and  amongst  them  the  Amber-pine.  In  order  to  account 
for  the  richness  of  the  Amber  deposit.  Dr.  Zaddach  assumes  that 
many  thousands  of  this  last-named  tree  must  have  perished,  and 
the  amber-gum  accumulated  in  vast  quantities  in  the  soil  previous  to 
the  submergence  of  the  land. 

A  detailed  account  of  all  the  beds  is  given,  including  a  description 
of  the  more  modem  Brown-Coal  Formation,  the  trees  of  whidi 
nearly  agree  with  the  existing  European  flora. 

A  good  map  of  the  North-west  Coast  of  Samland,  with  numerous 
sections,  and  also  a  plate  of  Fossil  Insects  found  in  Amber  (deter- 
mined by  Mr.  Frederick  Smith,  of  the  British  Museum),  together 
with  a  list  of  authors  who  have  written  on  the  subject,  completes 
this  most  useful  and  valuable  memoir. 

in.  The  Intellkcjtuax  Observer  having  remained  single  for  six 
years,  has  become  tired  of  celibacy,  and  this  being  leap-year,  has 
wedded  the  "  Student,"  by  which  name  it  will  be  in  future  known. 
Mr.  Jackson  writes  in  No.  I,  February,  on  "The  Screw-Pine" 
(Pandanus)  and  its  allies.  (For  a  good  account  of  the  fossil  Pandanea 
see  Mr.  Carruthers'  article  in  Geol.  Mag.  for  April  last,  p.  153,  PI. 
IX.) — Mr.  Shirley  Hibberd,  about  Ailanlus  silkworm  culture ; — Mr. 
J.  K.  Lord  on  the  Eocky  Mountain  Groat. — Mr.  Thomas  Wright  (in 
Nos.  1,  2  and  3),  on  Womankind  in  all  ages :  he  has  not,  at  present, 
touched  upon  Pre-historic  ladies,  when  he  does,  however,  we  shall 
take  care  to  call  attention  to  the  fact. 

In  No.  2,  Mr.  Jackson  informs  us  that  the  fine  old  patriarch  of  the 
vegetable  world,  "  The  Dragon-tree"  of  Teneriffe,  computed  by  some 
autiiorities  to  be  six  thousand  years  old,  fell  a  victim  to  a  furious 
gale  which  swept  across  the  Island  last  autumn-  Humboldt  describes 
it  as  45  feet  in  circumference  a  little  above  the  root,  and  Sir  Greorge 
Staunton  as  12  feet  in  diameter,  10  feet  from  the  ground,  and  its 
height  70  to  75  feet.  Fossil  wood  from  the  Iguanodon  Quarry  near 
Maidstone  has  been  attributed  to  this  genus  {Dracana  Benstedii, 
Konig.) 

In  No.  3,  Professor  Church  gives  us  an  account  of  "  Turacine,"  a 
new  animal  pigment  containing  copper  obtained  by  him  from  the  red 
feathers  of  the  "Touraco,"  or  "plantain-eater."  It  is  not  a  little 
singular  that  this  red  colour  is  instable  in  the  wing  of  the  living  bird, 
and  can  readily  be  removed  by  washing  the  feather.  Three  birds 
— two  species  of  Plantain-eaters  and  one  Musophaga — have  yielded 
this  compound  of  copper.    The  birds  are  from  the  Cape,  Natal,  and 
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the  Gold  Coast  There  is  also,  among  many  ofliers,  an  important  and 
▼alnable  paper  by  ilie  Bev.  W.  Houghton,  M.A.,  F.L.S.,  on  JEbbA- 
trk«»  or  Hea-oiummberB,  aofl-bodied  venniform  Ediinoderma,  mnok 
aoaght  after  as  miorosoopio  objeota,  on  aoooont  of  the  beantiM  oal- 
caieooa  spiculad  whidh  are  found  in  the  akin.  Being  soft-bodied, 
their  ooourrence  in  the  fossil  state  is  always  doubtful,  futhough  some 
instanoes  are  on  leoord.    One  of  the  plates  is  very  nioely  executed. 


Geological  Exoubsion  to  Bath  and  its  Nkiohboubhood. — ^The 
students  attending  the  Geological  olass  at  XTniyersify  CoUege,  Lon- 
don, made  an  excursion  to  Sath  with  the  view  of  acquiring  some 
fraotieal  lessons  in  field  geology.  They  were  aocompamed  by 
^rofessor  Morris,  Mr.  D.  ]^rbes,  Mr.  Beale,  Dr.  Murie ;  and  were 
met  at  Bath  by  Mr.  G.  Moore,  F.G.S.,  whose  intimate  knowledge 
of  the  Gkology  of  Somersetshire  materially  assisted  their  researches, 
as  that  genueman  kindly  accompanied  them  to  aU  the  most  im- 
portant geological  localities. 

Bath  is  well  situated  for  geological  exploration,  as  not  only  are 
there  many  well-exposed  sections,  but  the  physical  features  of  the 
district  afford  striking  evidence  of  the  denuding  agencies  to  which 
the  whole  area  has  been  subjected,  and  from  which  has  resulted — 
owing  to  the  characters  of  the  rocks — the  picturesque  scenery  of 
the  district.  The  sections  around  Bath  afford  good  opportunities 
for  studying  the  Lower  Oolitic  strata — i.e,  the  Lower,  Middle,  and 
Upper  Lias,  the  Inferior  Oolite,  Fuller's  earth,  and  the  different 
beds  of  the  Great  Oolite, — all  of  them  shewing  the  very  different 
conditions  under  which  they  haye  been  deposited.  This  is  well 
marked  in  the  Bath  Oolite  series,  where  the  comparatively  finer 
stone,  known  as  the  Bath  freestone  (an  Oolitic  rock  largely  worked 
and  used  for  building  both  there  and  elsewhere)  is  well  distm- 
guished  from  the  upper  coarse  shelly  limestone  containing  corals, 
sponges,  and  Bryozoa,  and  frequently  presenting  false-bedding  due 
to  ancient  current  action.  It  is  to  the  alternation  of  these  hard 
and  soft  strata  that  the  terrace-like  appearance  of  the  valleys  is 
due;  while,  at  the  same  time,  their  alternate  permeable  and  imper- 
meable nature  are  the  sources  of  the  water-supply  of  the  neigh- 
bourhood, as  seen  in  the  springs  bursting  out  at  the  top  of  the 
Fuller's  earth  and  Liassic  beds — an  arrangement  which  W.  Smith 
availed  himself  of,  in  laying  out  the  canal  system  of  the  Oolitic 
districts — ^these  clay  beds  presenting  also,  more  or  less,  sloping 
banks  and  irregular  ground.  The  bottom  of  the  valleys  near  Bath 
are  filled  to  some  height  with  an  old  alluvium  termed  '*  Mammal 
drift,"  containing  remains  of  the  Mammoth  (EUphas  primigenius) 
and  the  Musk  ox  ( Ovihos  moschatua),  etc. 

The  railway  now  making  from  Bath  to  Mangotsfield^  near  Weston, 
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afforded  the  party  some  new  and  highly  interesting  sections;  one 
about  two  miles  out,  exposed  the  EhsDtic  strata,  with  so-called  Gotham 
Marble,  White  Lias,  and  "  Sun-bed,"  with  few  fossils,  overlain  by  the 
AmmoKixies  angvlaius,  and  BucMandi  beds,  containing  many  fossils, 
noticed  by  Mr.  Moore,^  the  section  presenting  two  faults  or  displace* 
ment  of  the  rocks.  Not  far  distant  is  the  Twerton  Coal-pits  sunk 
through'  the  overlying  but  unconformable  lower  Secondary  strata  of 
no  great  thickness ;  and  it  was  interesting  to  observe  close  to  the 
pit's  mouth  another  fine  stone  quarry  in  the  Am.  Bucklandi  beds 
overlying  the  probable  equivalents  of  the  Am,  planorhis  zone,'  the 
former  containing  the  characteristic  Lima  gigantea^  Gryphaa  tncurva, 
Nautilus  lineatus,  Fleurotomaria  Anglica,  etc.,  and  consisting  of  thick- 
bedded  limestones,  with  intercalated  shaly  bands,  some  containing 
Foraminifera.  In  the  uppermost  portion  of  the  Am.  Bucklandi  beds 
of  this  pit  is  a  thin  band  of  brown  indurated  marl,  indicating  a 
persistent  horizon  at  the  top  of  the  series  throughout  the  district.  It 
contains  many  plants  and  remains  of  fishes  {Hyhodus,  Acrodus,  Lepi- 
dotvs,  etc.,)  as  well  as  Avicula  inequivalvis  and  other  shells. 

A  section  on  the  same  railway  near  Saltford  afforded  a  fine  expo- 
sure of  the  Am.  Bucklandi  bed  with  the  associated  fossils,  showing 
bands  of  tabular  and  septaroid  limestone,  the  latter  frequently 
containing  large  Ammonites,  while  fissures  were  lined  with  beau- 
tiful crystals  of  brown  calcite,  presenting  both  the  dog-tooth  and 
rhombohedral  forms,  as  well  as  modified  octohedrons  of  pyrites. 
The  Ammonite  is  found  here  in  the  same  condition  as  tlie  large  one 
originally  obtained  by  Dr.  Buckland  from  the  neighbourhood,  having 
lost  the  inner  whorls,  which  enabled  the  Doctor  to  thrust  his  head 
and  shoulders  through,  and  thus  he  rode  home,  dubbed  by  his  friends 
the  Ammon  Knight ,  encircled  with  the  species  which  now  bears  his 
name  (Sow.  Min.  Con.  2,  p.  69). 

The  party  visited,  on  the  railway  above-mentioned,  at  Willsbridge, 
another  fine  section,  showing  the  curved  strata  of  the  Red  Marl, 
Rhsetic  beds,  and  Lower  Lias  faulted  against  a  mass  of  Pennant  rock, 
or  sandstone,  deeply  ferruginous  at  the  junction,  but  further  on 
intercalated  with  carbonaceous  layers  and  bands  of  red  Hematite. 
The  conditions  of  this  section  are  very  instructive,  as  at  the  south 
end  is  seen  the  Red  marl  with  greenish  bands,  and  nodules  of 
celestine  (sulphate  of  strontian)  superposed  by  a  fair  development 
of  the  Rhaetic  series  with  the  Avi^a  contorta  zone,  Estheria  and 
Oy there  shales  and  White  Lias,  with  Modiola,  overlain  by  the  Am. 

1  Geol.  Journal,  vol.  xxiii.  p.  497. 

*  The  terra  zone  is  applied  to  a  subdiyision  of  Lias  strata  characterized  by  the 
abundance  of  a  peculiar  Ammonite  and  associated  fauna,  but  which  are  not  entirely 
restricted  to  that  zone.  The  following  are  the  subdivisions  of  the  Lias,  shewing  the 
Ammonite  zones : — 

Upper    ( Am.  Jurettsis 
Lias      \  A.  communif 
{A.  spina  fits 

Middle  J  ^'  ^^^Pa^itatus 
T,^^     S  A.  caprtcornus 
A.  ibex 


Lias 


^A.  Jamesoni 


A.  rarieostaius 
A,  oxynotui 
*•____      A.  obtusus 

I.1O  WISH  I        ^      fT* 

Lias  ^      *  ^"'^^* 

A.  Bucklandi 

A.  ariffulatus 

A,  planorbis 
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Vecb  with  the  oharaoteristio  fossils.'  These  beds,  as  yoa 
the  hill  sides  above  Bitten,  are  sucoessively  overhiin  by  the 
and  Upper  Lias,  and  the  sands  of  the  Inferior  Oolite. 

AnoClier  day  the  party  visited — after  passing  a  narrow  strip  of 
GU  Bed  Sandstone  at  Spring  (harden,  north  of  Frome — ^the  fine  seo- 
tkms  of  the  YaUis,  where,  at  Hapsford  Mills,  the  nptomed  and 
denuded  edge  of  the  Carboniferous  Limestone  are  immediately  over- 
kdn  by  a  thick  bed  of  conglomerate ;  the  rounded  pebbles,  many  of 
limestone,  being  sometimes  bored  and  occasionally  having  oysters 
attadied  to  them.  This  bed  is  covered  by  more  quietly  deposited 
sizaia  of  marl  and  shale,  with  nodules  containing  Estheria ;  further 
on  a  fiuilt  is  observed  bringing  down  the  Liferior  Oolite,  beyond 
iriuoh  the  limestone  contains  a  kind  of  mineral  vein,  whidi 
becomes  £ur  more  numerous  as  you  proceed  up  the  valley,  and 
more  interesting  from  the  fossil  contents,  consisting,  (as  shown 
by  Mr.  Moore,)  of  Liassic  strata,  partly  filling  the  fissures,  to  the 
WaUa  of  which  Lias  fossils  are  adhering,  associated  with  con- 
oocetioiiary  ferruginous  bands  of  Sulphate  of  Barytes,  some  Ghdena 
and  Blende.  In  this  vaUey  at  the  southern  comer  the  Inferior 
Oolite  is  laid  down  upon  the  ancient  Carboniferous  Limestone  sea- 
bottom,  and  has  so  accommodated  itself  to  any  inequalities  in  its 
sorfiMe  as  to  make  it  exceedingly  difficult  to  determine  where  the 
one  formation  begins,  or  the  other  ends.  So  intimately  united  are 
the  unconformable  deposits,  that  the  same  hand-specimen  may  show 
portions  of  each,  with  Zithodomi  of  Oolitic  or  any  intervening  age, 
still  retained  in  their  burrows  in  the  surface  of  the  Carboniferous 
limestone.' 

The  Nunney  and  Holwell  sections  wore  afterwards  visited, 
showing  the  numerous  Liassic  veins  in  the  Carboniferous  Limestone, 
of  various  thicknesses,  and  containing  many  organic  remains. 
Beyond  this  is  the  Microlestes  quarry  on  the  Shepton  Mallet  road, — 
a  dyke  in  the  limestone  which  has  yielded  such  a  rich  harvest  of 
BhsBtic  remains,  including  the  mammal  teeth  belonging  to  the  same 
genus  {Mierolestes)^  which  was  first  found  in  deposits  of  similar  age 
near  Stuttgard.  Besides  the  mammals  Mr.  Moore  carefully  examined 
some  tons  weight  of  the  vein,  extracting  therefrom  many  remains 
of  Beptilia  (some  new  to  England),  NothosauruSy  Flacodus,  Piepho^ 
derma,  Ichthyosaurus,  Plesiosaurus,  etc.,  and  not  less  than  70,000  teeth 
of  Zophodus,  besides  shells  and  corals,  many  of  which  are  now  ex- 
hibited in  the  Bath  Museum.  Above  the  hamlet  of  Holwell,  on  the 
Marston  road,  is  a  small  section,  in  which  the  Carboniferous,  BhsBtic, 
Lias,  and  Inferior  Oolite  are  represented,  the  last  bed  being  uncon- 
formable. 

The  party  concluded  the  day's  excursion  by  a  visit  to  a  new 
trial  sinking  for  coal  on  the  estate  of  the  Earl  of  Cork,  near  Iron 
Millbridge,  which  had  reached  the  depth  of  eighty  feet,  in  the 
Oxford-day,  showing  the  characteristic  fossils,  as  Qryjphea  dilaUUa^ 

^  See  the  section  by  Mr.  Moore,  Qeol.  Joum.,  yoI.  xxiii.  p.  499. 
*  De  la  Beche,  Mem.  Geol.  Surrey,  vol.  i.  p.  290 ;  Moore,  GeoL  JonriL  toL  xxiiL 
p.  48S. 
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Am.  Jcuum,  Nucula,  Afficula  eapcmta,  and  whidi  bad  been  ibongbt  to 
be  of  liassic  age. 

Anotber  excursion  included  a  yicdt  to  Badstock,  and  the  Mendips, 
paaaing  along  tbe  table  land  of  tbe  Great  Oolite,  on  Odd  Down,  the 
Fuller's  earth  was  examined  in  a  field  cutting  on  the  hill  side,  yielding 
many  Rhynehtmdla  vananst  and  other  fossils.  At  Badstock,  the 
White  Lias  and  Lower  Lias  are  f&irly  exposed,  the  zone  of  Spirifer 
WalooM,  with  Pholadomya  in  their  normal  position  was  careffdly 
examined,  and  it  was  interesting  to  observe  that  coal  was  won 
through  these  beds,  owing,  as  is  well  known,  to  the  oomparatiye 
thinness  of  the  Secondary  strata  in  this  area  as  compared  with 
similar  beds  south  of  the  Mendips,  and  their  unconformity  to  the 
inclined  and  faulted  Coal-measures  below.  Thus,  acoordi^  to  Mr. 
C.  Moore,  the  relatiye  thickness  in  the  two  areas  is  as  follows : ' — 

WlthontOoallMaln.  Wlttdn  Ookl  bMla. 

fiBtt.  fbet. 


Triaaricbeds    2000 

Bhffitic  beds    ... 60 

Lower  Lias      700 

Middle  and  Upper  Lias 600      ^. 

Inferior  Oolite ^    ...        170 


60 

60 

2 

42 
26 
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Many  fossil  plants  were  collected,  and  ihe  party  had  the  pleasure 
to  examine  the  fine  collection  formed  by  Mr.  J.  McMurtrie,  consisting 
of  Lepidodendra,  Sigillaria,  Calamxies,  Asterophyllites,  and  the  ferns 
Neufopi&ris  and  Peeopt&ria ;  some  specimens  shewing  the  circinate 
vernation,  others  traces  of  fructification,  but  all  in  a  state  of  preser- 
vation for  which  the  Badstock  Coal-field  is  celebrated. 

Proceeding  southward  the  Dolomitic  conglomerate  was  seen  near 
Stratton,  and  further  on  the  outcropping  of  tiie  Lower  Coal-measures, 
the  Millstone  grit,  and  Carboniferous  Limestone  tilted  up  at  a  con- 
siderable angle ;  beyond  this  is  the  Old  Bed  Sandstone,  which  there 
forms  the  crest  of  the  Mendips,  and  at  East  End,  near  Stoke  Lane, 
are  portions  of  a  dyke  of  considerable  thickness,  emerging  from 
beneath  the  Old  Bed  Sandstone,  occurring  as  bosses  in  the  field,  but, 
traced  for  some  distance  over  the  district,  it  is  conglomeratic  in 
places,  and  pronounced  by  Mr.  D.  Forbes  to  be  Dolerite. 

This  mass  of  igneous  rock  is  considered  by  Mr.  C.  Moore  to  have 
been  the  cause  of  the  elevation  of  many  thousand  feet  of  stratified 
rocks,  and  of  the  present  anticlinal  arrangement  of  the  strata  of  the 
Mendips.  Beside  this,  Mr.  Moore  inferred  an  old  land-area,  as 
originally  suggested  by  Mr.  Godwin-Austen,  and  that  these  hills 
in  Bhsetic  and  Liassio  times  interposed  a  barrier,  which,  to  a  great 
extent,  modified  the  physical  features  of  the  whole  line  of  country, 
from  Frome  through  a  great  part  of  South  Wales,  and  shut  out  the 
Secondary  deposits  from  the  Coal-basin,  within  which  unconforma- 
bility  very  generally  prevails,  and  that  the  Secondary  beds  are  very 
insignificant  when  compared  with  their  equivalent  deposits  beyond.^ 

J.  M. 

>  Geol.  Jonm.  toL  xxiiL  p.  476.  *  QeoL  Joom.  toI.  xxiii.  p.  637. 
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2.  "  Oft  d»  odoB  (tf  Hnftid,  nMled.  wd  Ukymd  so&M  of 

Hie  anliiar  CBdeaiiwred  to  thorn-  thtt  nvxidfeed.  noBdad,  bol« 
lowed,  and  Tegnkrir-pedbnied  miJaco  cf  vcvk  ;,imI  giacal,  wir 
mere  derelopmentB  of  ttraccore)  baTe  been  prodmed.  on  the  Men* 
dip  miiy  by  tbe  ecdon  of  wmTee  charged  with  sand  and  stonea ; 
and  that  deeplj-gproored  rock-ffiir£ioes»  near  IGneia,  mi^  haT« 
been  gronnd  oat  by  stanes  mored  bj  waTea  with  or  without  coaat- 
ioe. 

3.  "On  a  atriking  instance  of  apparent  oblique  lamination  in 
Granite."    By  D.  Maddntoah,  Esq.,  F.G& 

In  this  pi^wr  the  author  drew  attention  to  remarkable  inatancea  of 
mMrent  atratificadon  and  obliqne  lamination  in  the  granite  of  tha 
Hoontor  and  other  rocks  of  I^urtmoor.  They  seemed  to  &Toar  the 
aqoeous  origin  of  certain  kinds  of  gianile ;  though  this  Mr.  Mackin- 
toah  left  an  open  question. 

4:.  "On  the  Encroachment  of  the  Sea  in  the  Bristol  Channel/* 
By  D.  Mackintosh,  Esq.,  F.G.S. 

The  object  of  this  paper  was  to  show  how  the  sea  denudes  a  sub« 
merged  land  valley  by  planing  it  down  laterally,  Stumiis  of  trees 
are  found  under  the  sea  at  a  distance  of  at  least  half  a  mile  flrom  the 
clifis  near  Watchet,  with  a  rocky  sea-bottom  between.  The  latter 
must  have  been  left  by  the  erosive  action  of  the  sea,  whidi,  to  the 
east  of  Watchet,  has  removed  the  site  of  a  village  called  Easonton, 
and  encroached  at  least  200  yards  in  150  years. 

5.  "  On  the  two  Plains  of  Hertfordshire  and  their  Gravels."  By 
T.  M'K.  Hughes,  Esq.,  M.A.,  F.G.S. 

The  high  ground  near  Hertford  Heath,  Briokendon,  eto.|  forms  the 
higher  of  the  two  plains  which  Mr.  Hughes  desoribod ;  out  of  it  a 
great  valley  has  been  excavated,  the  bottom  of  which  forma  tho  lower 
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plain ;  and  out  of  this  again  the  valleys  of  the  existing  streams  have 
been  soooped, 

The  gravels  of  the  upper  plain  are  a  marine  deposit,  and  indicate 
a  marine  denudation  of  great  antiquity,  followed  by  an  emergence, 
during  which  the  old  valleys  were  Scooped  out  of  that  plain.  The 
gravels  of  these  valley-plains  were  formed  during  a  subsequent  sub- 
mergence ;  they  contain  bands  of  clay  and  loam  passing  into  Boulder- 
clay,  and  are  probably  marine.  This  submergence  continued  until 
the  Boulder-clay  was  deposited  on  the  top  of  the  higher-plain 
gravels  ;  and  then  succeeded  a  period  of  emergence,  during  whiciL  the 
present  valleys  were  scooped  out  of  the  lower  plain. 

n.  March  11th,  1868.— "On  the  Structure  of  the  Crag-beds  of 
Norfolk  and  Suffolk,  with  some  observations  on  their  Organic 
remains. — Part  I.  Coralline  Crag."  By  Joseph  Prestwich,  Esq., 
F.R.S.,  F.G.S.,  etc. 

The  history  of  the  division  of  the  several  Crag-deposits  into  three 
formations — ^the  Mammaliferous,  Red,  and  CowJline  Crags — having 
been  recounted,  the  author  stated  that  for  the  last  thirty  years  the 
evidence  of  their  sequence  had  remained  unaltered,  the  distinction 
between  the  Mammaliferous  and  Bed  Crags  being  still  purely 
palseontological,  not  a  single  case  of  superposition  having  been  dis- 
covered. Mr.  Prestwich  then  proceeded  to  the  special  object  of 
this  paper,  which  was  to  describe  more  fully  the  physical  structure 
of  the  several  crags,  and  to  determine,  if  possible,  the  exact  relation 
which  the  Suffolk  Crags  bear  to  the  Crag  of  Norfolk. 

Commencing  with  the  Coralline  Crag,  the  author  stated  that  the 
well-known  outlier  at  Sutton  furnishes  a  base-line  and  the  best  clue 
to  its  structure  and  dimensions,  showing  also  the  depth  to  which  it 
has  been  denuded  and  replaced  by  the  Red  Crag.  The  Coralline 
Crag  is  generaUy  described  as  consisting  of  two  divisions : — an  upper 
one,  formed  chiefly  of  the  remains  of  Bryozoa,  and  a  lower  one  of 
light-coloured  sands,  with  a  profusion  of  shells  ;  and  the  author 
now  gave  their  exact  dimensions  and  his  proposed  subdivisions,  as 
follows : — 

Charaoteb  and  Thicknbss.        *  LocALmss. 

A.  Sand  and  comminuted  shells,  6  ft.  Sadbonrne  and  Gcdgrare. 

g.  Comminuted  shells  and  remains  of  Bryozoa,      Sutton,  Sudbourne,  Ged- 
forming  a  soft  Building-stone,  30  ft.  gra^e,  Iken,  Aldboro*. 

y.   Comminuted  shells,   with  numerous    entire  Sutton,  Iken,  Orford,  High 

small  shells,  6  ft.  Gedgraye. 

#.    Sands  with   numerous  Bryozoa,  and  some  Sutton,  Broom  HilL 

small  shells  and  Echini^  12  ft. 

d.  Comminuted  shells,  large,  entire,  and  double  Sutton,  Broom  Hill,  Sud- 

^    ^          shells,  and  bands  of  limestone,  16  ft  bourne. 

0.   Marly  beds,  with  numerous  weU-preserred  Sutton,  Bamaholt. 

ana  double  shells,  10  ft. 

h.  Comminuted  shells  and  Cetacean  remains,  4  fL  Sutton. 

a,  Phosphatic  nodules  and  mammalian  remains,  Sutton. 

1ft 
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Mr.  Prestwich  then  stated  the  localities  at  whioh  these  sub-divisions 
d  the  Coralline  Crag  are  exposed,  and  proceeded  to  discuss  the  geo- 
gnphical  distribution  of  the  existing  species  in  the  several  zones, 
and  the  present  range  of  the  organic  remains.    He  agreed  in  the 
opiiiion  that  the  greater  number  of  the  Mammalian  remains  are  ex- 
taneouB  fossils ;  but  r^arded  those  of  a  whale  as  truly  contem- 
poraaeooBy  and  probably  also  the  teeth  of  UTe  Bhinoceros  and  Mas- 
kiom,  while  the  bones  that  are  more  or  less  drilled  he  considered  to 
be  derived.     The  occurrence  of  a  laige  block  of  porphyry  in  the 
basement-bed  at  Sutton  was  considered  a  proof  that  a  considerable 
degree  of  winter  cold  had  been  attained  at  that  period,  as  it  would 
be  difficult  to  account  for  its  presence  in  that  bed  except  by  ice- 
aotion;  the  author  also  enumerated  the  physical  conditions  which 
seem  to  be  suggested  by  the  mineral  character  and  the  structure  of 
the  several  zones,  inferring,  from  the  peculiar  mixture  of  southern 
forms  of  life  with  others  of  a  more  northern  type,  that  at  this  early 
period  the  setting-in  of  conditions  of  considerable  cold  had  com- 
menced. 

*With  the  aid  of  Mr.  Gwyn  Jeffireys,  the  author  had  revised  the 
list  of  Mollusca  from  the  Coralline  Crag,  and  ho  gave  a  Table  in 
^vdiich  the  range  of  the  species  in  space,  depth,  and  time  was  given, 
and  an  analysis  of  their  synonymy  by  Mr.  Jeffreys.  He  also  dis- 
cussed the  relations  of  the  Coralline  Crag  with  its  foreign  equi- 
valents, agreeing  in  the  conclusion  that  the  Crag  Noir  is  a  stage 
older  than  it,  while  the  destruction  of  beds  of  the  age  of  some  of  the 
older  Crags  of  Belgium  have  furnished  many  of  its  derived  fossils. 
In  conclusion  the  author  described  the  distribution  of  sea  and  land 
at  the  period  of  the  deposition  of  the  Coralline  Crag,  as  suggested 
by  the  affinities  of  the  fossils  of  that  deposit. 

m.  March  25th,  1868. — 1.  "  On  some  new  species  of  Palsdozoic 
Crustacea  from  the  Upper  Silurian  rocks  of  Lanarkshire,  etc.,  and 
further  Observations  on  the  Structure  of  Pterygotua.^*  By  Henry 
Woodward,  Esq.,  F.G.S.,  F.Z.S. 

The  nature  of  the  remains  which  have  been  referred  by  Mr.  Salter 
to  Pierygotus  (but  by  the  author  to  Eurypterm)  punctatus  was  first 
discussed  by  the  author,  who  came  to  the  conclusion  that  the  Lanark- 
shire specimens  belong  to  a  new  species — Euryptertu  scorptoides, — 
while  the  chelate  antennae  and  the  detached  lip-plate  from  Ludlow 
must  have  belonged  to  other  species. 

Eurypterus  scorpioides  is  the  first  of  the  new  forms  now  described 
by  Mr.  Woodward,  and  is  represented  by  a  specimen  exhibiting  an 
almost  entire  individual,  and  certain  other  fragments.  The  punc- 
tate ornamentation  of  this  species  may  be  readily  distinguished  from 
the  scale-like  markings  of  Pierygotus  and  Slimonia.  The  second  new 
fonxiy  Eurypterus  ohesus,  is  remarkable  for  the  great  obesity  of  the 
thoracic  somites ;  it  is  represented  by  the  impression  and  counter- 
part of  an  entire  specimen.  Its  smidl  size  suggested  to  the  author 
the  possibility  of  its  being  the  young  of  some  larger  species.  The 
third  new  species,  Pierygotus  raniceps,  is  at  present  known  only  by 
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a  single  example ;  its  head  is  remarkable  on  aooount  of  its  obtnsdy 
pointed  triangular  form  and  prominent  marginal  eyes. 

In  oonolasion  the  aathor  made  some  observations  on  the  stmcture 
of  PterygotuSf  showing  that  it  possessed  a  series  of  branchial  plates, 
— leaf-like  bodies  presenting  a  highly  vascular  and  delicate  struc- 
ture, arranged  in  a  linear  series  of  from  six  to  eight  in  each  row, 
and  appearing  to  have  occupied  a  position  beneath  ^e  thoracic  plate 
on  the  ventral  surface  of  the  body,  as  seen  in  Limidw  at  the  present 
day.  He  also  suggested  that  Pterygotus  peromatus  and  P.  craaaus  are, 
possibly,  both  varieties  of  P.  hilobus ;  they  are  all  possessed  of  a 
bilobed  telson  or  tail-plate. 

2.  «  On  the  Coniston  Group."  By  Professor  B.  Harkness,  F.E.S., 
F.G.S.,  and  Dr.  H.  A.  Nicholson,  F.G.S. 

The  object  of  this  communication  was  to  record  the  occurrence  of 
a  new  and  unique  horizon,  containing  a  rich  Graptolite-fauna,  in  that 
}K)rtion  of  the  Silurian  series  of  the  Lake-district  termed  the  Conis- 
ton-flags  by  Professor  Sedgwick.  The  authors  also  gave  a  detailed 
description  of  these  flags,  and  pointed  out  their  physical  and  palse- 
ontologioal  relations  with  the  Coniston  Limestone  below,  and  the 
Ooniston  Grits  above  them. 

The  pcdsdontological  relations  of  the  Coniston  Limestone  and  of 
the  underlying  green  slates  and  porphyries  have  been  previously 
shown  to  be  those  of  the  Bala  and  Caradoc  group.  The  mudstones 
succeeding  to  the  Coniston  Limestone  yield  an  entirely  new  fauna, 
including  six  species  of  Diplograpsus,  all  of  which,  with  one  ex- 
ception, are  in  Britain  characteristic  Upper  Llandeilo  forms ;  and  the 
evidence  of  the  other  species  is  in  the  same  direction.  Li  Ireland, 
however,  many  of  these  species  have  been  obtained  from  strata  of 
Caradoc  age.  The  fossils  of  the  Coniston  Grits  have  very  little 
affinity  with  those  of  the  Kendal  Flags,. nor  do  they  exhibit  such  a 
facies  as  would  connect  them  with  the  lower  members  of  the  Upper 
Silurian  series.  Palasontologically,  therefore,  this  Coniston  series 
must  be  looked  upon  as  a  continuous  group  of  rocks,  and  the  phy- 
sical evidence  leads  to  the  same  conclusion.  There  is,  thus,  in  the 
Lake-district,  a  greater  development  of  Caradoc  and  Bala  rocks 
than  is  to  be  found  elsewhere  in  the  British  Islands,  as  we  are  now 
required  to  add  a  great  thickness  of  strata,  possessing,  on  the  whole, 
a  decidedly  Lower  Silurian  fauna,  but  containing  some  new  forms 
of  life  in  its  higher  portions. 

3.  "  Death  of  Fishes  on  the  coast  of  the  Bay  of  Fundy."  By  Dr. 
A.  Leith  Adams,  F.G.S.,  22nd  Eegiment. 

On  the  24:th  of  September,  during  a  heavy  gale  from  the  west, 
impinging  almost  straight  on  to  the  entrance  of  the  Lagoon,  known 
as  Anderson's  Cove,  enormous  numbers  of  fish  were  observed  floating 
dead  upon  the  surface  of  the  water,  and  thrown  up  in  quantities  by 
the  waves.  On  the  gale  subsiding,  the  whole  surface  of  the  lagoon 
and  its  banks  were  covered  with  dead  fish,  to  the  depth  of  a  foot  in 
some  places.  It  was  evident  that  the  shoal  had  been  literally  ground 
to  pieces  against  the  rocks  by  the  force  of  the  waves.  In  conclusion 
the  author  referred  to  the  vast  quantities  of  fossil  fish  found  in  the 
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Deronian  and  otiher  strata,  whioh  snggeBted  oatastropliea  allied  to 
the  aboye  incident. 

4L  ''  On  Volcanoea  in  the  New  Hebrides  and  Banks  Islands.*'  By 
B.  Atkins,  Esq.,  of  the  Southern;  Gross."  Oommunicated  by  J. 
Oodrington,  Esq.,  F.O.S. 

The  author  described  the  iislands  of  Tanna,  Lopevi,  and  Ambrym, 
in  the  New  Hebrides,  and  Santa  Maria  and  Great  Banks  Islands, 
among  the  Banks  Island  group,  as  being  now  aotive  Yolcanoes^  and 
gave  an  account  of  a  visit  to  the  Hot  Springs  of  Cheat  Banks  Island. 
These  springs  deposit  quantities  of  almost  pure  sulphur. 

Edihbubgh  Oeologioal  Sooixtt,  2nd  April,  1868.— -In  the 
absence  of  Mr.  Powrie,  one  of  the  Vice-Presidents  of  the  Sod^, 
Dr.  Page  read  a  paper  prepared  by  that  gentleman,  '^  On  the  Working 
together  of  Volcanic  and  iWudii^  Agencies  in  the  Formation  of  the 
Scenery  of  Scotland,"  which  was  in  opposition  to  the  theory  pro- 
pounded and  advocated  by  Mr.  A.  Geikie,  in  his  recent  pubhcation 
on  the  Scenery  of  Scotland,  as  also  the  theory  recently  advocated  by 
the  Duke  of  Argyll.  It  will  be  remembered  that  lu:.  Qeikie  gives 
primary  prominence  to  denudation,  while  the  Duke  of  Argyll  gives 
primary  prominence  to  volcanic  agencies  alone,  and  ca^clismal 
revolutions.  Mr.  Powrie  exhibited  a  very  elaborate  section  em- 
bracing the  district  from  the  Qrampians  over  Strathmore,  the  Sid- 
laws  to  the  Ochils,  and  particularly  detailing  the  valley  of  the  Tay. 
He  clearly  showed  that  a  subsidence  must  have  taken  place  in  the 
valley  of  the  Tay  from  the  fact  of  two  lines  of  fetults,  one  on  either 
side  of  the  valley,  with  the  upper  Old  Bed  Sandstone  in  the  valley 
Ijring  unoonformably  to  the  Old  Bed  ;  whereas  Mr.  G^ikie's  theory 
maintains  that  a  hill  formerly  occupied  the  present  valley  of  the 
Tay,  while  Mr.  Powrie  advocates  not  only  denuding  agencies,  but 
also  a  subsidence  of  the  valley,  and  that  it  is  to  volcanic  fancies 
the  direction  of  the  denuding  currents  are  mainly  due.  Mr.  Powrie, 
from  his  great  local  knowledge  of  the  district  of  the  Tay  and  the 
Forfarshire  Old  Bed  Sandstone,  was  enabled  to  give  minute  details 
of  the  various  positions  which  thay  occupy,  as  well  as  the  numerous 
outbursts  of  trap  injected  through  them.  He  further  stated,  in 
opposition  to  Mr.  Greikie,  that  the  valley  of  the  Tay  and  the  Oarse 
of  Cowrie  must  have  been  all  occupied  by  the  upper  Old  Bed 
Sandstone  to  the  top  of  the  Ochils,  or  that  the  upper  Old  Bed  now 
occupying  the  valley  of  the  Tay  at  a  considerably  lower  level  than 
where  it  crops  out  in  the  neighbouring  districts,  clearly  shows  a 
"  downthrow"  in  the  valley  of  the  Tay.  Mr.  Powrie  also  exhibited 
upon  his  section  the  line  of  the  hypothetical  hill  supposed  to  have 
been  washed  away  or  denuded  from  the  valley  of  the  Tay. — ^Dimdee 
AdiveTtxter. 

Geological  Society  of  Glasgow,  March  6th,  1868. — "  Miscel- 
laneous Notes  on  Chemical  Geology."    By  J.  Wallace  Young. 

1st.  On  the  Analysis  of  Foliated  Chlorite  from  St.  Catherine's 
Loch,  Fyne.      Colour,  blackish  green;  lustre,  pearly;  consists  of 
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long  narrow  folisB  coberiog  together,  rendering  the  mineral  almost 
fibrous  in  appearance,  in  thin  leaves,  nearly  transparent  When  in 
a  state  of  very  fine  subdivision  it  is  entirely  decomposed  by  sul- 
phuric acid. 

Sp.  Gr,  2-781. 

Saicic  Acid  33'66 

Alumina    16-00 

FerrouB  Oxide  1078 

Magnesia 29*73 

Water  (by  difference)  10-94 

10000 

In  one  specimen  the  chlorite  was  associated  with  a  ferriferous 
dolomite  in  rhomboidal  crystals.     Its  composition  was  as  follows : — 

Sp.  Ob.  2*935. 

Carbonate  of  Lime  5300 

„        Iron* 816 

„        Magnesia 3900 

10016 
Trace  of  Manganese. 

2nd.  On  the  presence  of  Sulphide  of  Zinc  in  a  crystalline  car- 
bonate from  a  trap  dyke  at  Fairly,  Ayrshire,  Mr.  Wiinsch  drew  the 
attention  of  the  author  to  some  small  brownish-black  crystals 
enclosed  in  a  carbonate  of  iron,  lime,  and  magnesia.  On  applying 
suitable  tests  they  were  found  to  consist  of  sulphide  of  zinc  and 
some  sulphide  of  iron.  No  carbonate  of  zinc  was  present  A  por- 
tion of  the  trap  rock  from  the  dyke  itself  was  tested  carefully  for 
zinc,  but  none  was  found. 

3rd.  On  a  deposit  from  a  Chalybeate  water.  Described  as  con- 
sisting of  hydrated  ferric  oxide,  with  a  little  clay  and  sand  mechani- 
cally intermixed.  No  lime  was  present.  The  water  itself  contained 
carbonate  of  iron  and  sulphate  of  lime,  but  no  carbonate  of  lime. 

4th.  On  Laumonite. 

5th.  On  some  mineral  cavities  in  trap  rocks.  The  author  ex- 
hibited and  described  many  specimens,  showing  the  deposition  of 
quartz  crystals  on  carbonate  of  lime ;  also  fluor  spar  and  sulphate  of 
baryta,  on  quartz  and  carbonate  of  lime. 


OOE.E.ESI'OITIDEITCE!. 


YACHTINO  ON  THE  COAST  OF  NORWAY. 

Sm, — ^I  am  making  preparations  for  a  trip  to  Stavanger,  Bergen, 
and  Trondhjun,  starting  after  the  middle  of  June.  It  has  struck  me 
that,  believing  myself  a  fair  observer,  though  a  very  ignorant 
geologist,  I  might  be  of  use  to  any  more  learned  gentleman  who 
might  wish  any  marks  of  coast  elevation  in  modem  times  observed, 
and  also  (being  somewhat  of  a  chemist)  to  mineralogists,  so  far  as 
the  time  and  opportunity  of  so  limited  a  trip  will  cdlow.     I  shall 
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hope  to  visit  the  farther  end  of  the  Fjords,  more  especially  of  the 
Sagne  Fjord.  And,  having  had  great  experience  in  Glacier  travel- 
ling, J  shall  spend  some  time,  prohahly,  about  Fjerland,  and  the 
Justedal*s  BrcBon.  I  shall  be  happy  to  do  anything  in  that  way 
also.  I  enclose  my  card,  and  any  gentleman  who  may  have  a 
distinct  operation  to  propose  will  meet  with  my  best  attention  to  his 
communication.  M.  H. 

London,  April  11,  1868. 


ORMESOD'S  INDEX  TO   THE  QUARTERLY  JOURNAL  AND  TRANS- 
ACTIONS  OP  THE  GEOLOGICAL  SOCIETY. 

Sib, — I  have  kept  up  my  interleaved  copy  of  my  Geological  Index 
down  to  the  end  of  last  year,  1867.  Thinking  that  vou  might  feel 
interested  in  a  tabular  view  of  the  progress  of  G^logy,  which  is 
shown  by  a  comparison  of  the  number  of  papers  and  authors  included 
in  the  Index  (occupying  a  space  of  49  years)  with  those  in  the 
manuscript  Supplement  (occupying  a  space  of  12  years),  I  send 
you  a  copy  which  I  think  is  satisfactory  as  to  the  results.  The 
great  point  is  the  increase  in  the  number  of  authors :  288  freak 
namei  having  appeared  in  the  Quarterly  Journal  during  the  last 
twelve  years,  and  these  may  be  considered  of  course  as  only  the 
ereme  of  the  Geologists.  If  the  inclosed  statistics  are  of  any  use  to 
your  Magazine,  they  are  at  your  service. 


Tertiary  &  Recent. 

Secondary  

Palieozoic   


Metamoxphic 
Volcanic 


Titles  of  Papers 

in  Index. 

1807  to  1855 

(inclusive). 

49  years. 


Platonic 


Topographical .. 

Geology  

Miscellaneous... 


Mining,  etc. 


Palaeontology ... ) 
General  j 

Fauna 


Flora 


675 
693 
658 
190 
288 
180 

232 

216 

23 

493 
80 


Titles  of  Papers 

in  Supplement. 

1856  to  18C7 

(inclosiTe). 

12  years. 


436 
434 
397 
112 
170 
110 

109 

144 

16 

353 
50 


Authors  of 

Papers 

in  Index. 

1807  to  1855. 


Autbors  of 
Papers  in  Sup- 
plement. 
1856  to  1867. 


310 
830 
278 
104 
146 
101 

179 

144 

13 

162 
39 


(   31  Old  authon. 
\  273  New  ditto. 
/   45  Old. 
\  229  New. 
/   47  Old. 
\  184  New. 
j    18  Old. 
\  64  New. 

21  Old. 

86  New. 

12  Old. 

68  New. 


i 

! 

{ 

i 
{ 
I 


6  Old. 

81  New. 

18  Old. 
83  New. 

1  Old. 

11  New. 

29  Old. 
102  New. 
8  Old. 
26  New. 
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DuTucn  Aim  LooALirm  dbsoubid. 


British  Iilands    , 

Europe    , 

Asia 

Amtralia 

Africa 

America,  North 
n        Soaih  , 
y,       Iilands 


Index. 


419 

113 
36 
27 
59 
2d 
8 


Bupptemeiit. 


noo 

164 

61 

161 

18 

26 

9 
16 

6 
15 
10 
12 

6 
I  21 

2 

4 


{ 


Old  Loealitiea. 

New  ditto. 

Old. 

New. 

Old. 

New. 

Old. 

New, 

Old. 

New. 

Old. 

New. 

Old. 

New. 

Old. 

New. 


N.B.  In  thia  liit  a  place  ia  only  entered  once ;  bat  diriaiona,  anch  aa  **  North 
Daron"  and  **  Deron,"  woiUd  be  counted  aa  separata  localities. 

AuTHOsa. 

Knmber  of  authors  in  Index 536 

Number  of  new  authors  in  tiie  Snpplement 288 

Number  of  old  autiiors  who  haye  papers  in  the  Supplement  written  on  form- 
ations which  ther  had  not  treated  upon  in  Index 91 

The  number  of  autnon  writing  on  old  subjects  has  not  been  calcolated. 

CHAavoROy  ExBTBB.  '  6x0.  Wab^*  Obmkbod. 


SUBMEBGED  FORESTS,  AND  BAISED  SEA-BEACHES. 

Snt, — ^In  the  Quarterly  Journal  of  the  (Geological  Society  for 
February,  page  4,  Mr.  Wynne  says  that  peat  and  timber  trees 
are  found  beneath  the  Toughal  Strand.  Li  accounting  for  this 
he  goes  into  the  old  error  of  the  necessity  of  a  '*  subsidence  of  the 
land."    Mr.  Wynne  says :  ''  At  some  time  (about  the  dose  of  the 

Glacial  period  perhaps) the  land  became  depressed — it 

may  be  generally — as  such  evidences  are  common  round  the  shores  of 
Ireland  as  well  as  parts  of  England,  but  whether  generally  or 
locally,  the  land  here  sank  to  a  depth  of  more  than  90,  perhaps  100 
feet,  or  even  more.  Subsequently,  to  this  depression  of  90  or  100 
feet  the  land  rose  again."  Mr.  Wynne  further  says  that,  "  On  the 
landward  side  of  the  beach  the  low  ground  is  covered  with  peat 

The  water  from  the  low  boggy  ground  is  conveyed  through 

the  beach  by  the  usual  contrivance  of  tidal  floodgates  or  sluices,  so 
that  there  is  reason  to  believe  that  the  peat  on  land  and  that  beneath 
the  bay  are  at  the  same  level,  and  connected  under  the  beach ;  and 
that  the  sea,  by  throwing  the  beach  up,  has  banked  itself  out  from  a 
considerable  portion  of  the  low  ground." 

This  is  the  precise  description  which  I  have  given  in  Rain  and 
Bivers  of  our  English  so-called  ''  submerged  forests."  They  are  aU 
choked  up  estuarieB,  and  Mr.  Wynne  and  every  one  else  must  see 
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Ibat  as  the  sea  erodes  the  whole  line  of  coast,  the  beabh  will  traTel 
luidward,  and  the  peat  and  roots  of  trees  whioh  it  covered  will  be 
nnoovered  and  submerged  by  the  sea.  But  there  needs  no  "  snbsi- 
denoe**  for  this.  On  the  contraxy,  the  raised  beabh  which  Mr. 
Wynne  mentions,  and  those  near  the  English  *^  sabmexged  forests,*' 
prove  exactly  the  reverse.  These  raised  beaches  prove  a  rising  of 
tiie  land.  As  I  have  said  (page  128),  the  so-called  ''  submerged 
forests"  are  simply  the  results  of  the  most  gradual  operations  of 
rain,  rivers,  and  thd  sea.  In  former  days  the  stream  or  the  rain 
valley  cut  its  estuary  &r  deeper  even  than  low-water-mark,  and 
formed  what  is  called  an  arm  of  the  sea.  In  later  days  the  sea 
throws  up  a  bank  of  shingle  across  the  mouth  of  the  deep-cut 
estuary,  completely  dams  itself  otU,  and  partially  dams  the  streams 
tn,  though  these  often  soak  throuffh  the  shingle  at  low-water  so  as 
never  to  rise  near  the  height  of  high  water.  Thousands  of  such 
oases  exist  in  England.  ^Hiese  sea  beaches  thrown  up  by  storms 
frequently  stand  not  only  very  mudi  higher  than  the  high  water  of 
the  sea  which  throws  them  up,  but  Ihe  land  behind  them  is  often 
much  lower  than  the  high  water  of  the  sea.  And  thus,  according 
to  circumstances,  peat,  pasture,  or  wood,  grows  hiHovo  the  high-water 
mark.  The  rapidify  of  the  growth  of  alluvial  deposit  from  period 
cal  inland  floods  is  then  much  increased.  For  all  the  alluvial  wash 
of  the  entire  valley  or  water  slope  is  here  at  once  stopped  short, 
none  of  it  can  percolate  the  shingle  into  the  sea.  Deposit  is  rapidly 
accumulated  on  deposit,  and  rooted  trees  are  found  under  peat,  in 
peat,  and  above  peat,  not  only  on  the  shore  outside  the  shingle  bcmk, 
but  in  cutting  the  sluices  inside  the  shingle  bank,  and  by  degrees 
the  land  which  was  below  water-mark  may  be  raised  by  alluvial 
deposit  far  above  high- water  mark.  When  man  appears  on  the 
scene,  if  fine  alluvium  plasters  up  the  shingle  enough  to  hold  back 
the  water,  it  is  a  common  practice  to  dig  a  trench  a  few  feet  into 
the  clean  shingle.  The  water  may  then  bo  seen  to  flow  into  the 
shingle  in  a  stream.  Or,  if  circumstances  admit,  a  trench  is  cut 
oompletely  across  the  shingle  bank,  and  occasionally  cleaned.  Then 
oome  sluices  and  iron  piping  beneath  the  shingle  bank.  The  land 
drainage  is  let  out  at  low  water,  and  the  sea  kept  out  at  high  water. 
Millions  of  acres  of  our  best  pasturage  far  below  high- water-mark 
are  held  on  this  tenure.  But  when  the  streams  are  embanked,  and 
are  let  off  to  the  sea  so  perfectly  as  to  prevent  their  natural  annual 
overflow,  annual  denudation  of  the  old  alluvium  will  take  place 
instead  of  deposit  of  new  alluvium,  and  the  land  may  again  become 
denuded  far  below  the  usual  tidal  level."  The  chalk  flints  men- 
tioned by  Mr.  Wynne  are  quite  en  regie.  That  is  (speaking  literally) 
all  erratics,  including  what  is  absurdly  called  "Northern  drift," 
have  travelled  on  sea-shores.  (See  chapter  on  travelling  of  sea 
Iteach  in  Kain  and  Rivers.) 

At  page  2  of  the  same  geological  journal,  Mr.  Tylor,  while  he 
considerately  spares  us  "  a  gravel  period,"  creates  a  bran  new  period 
of  his  own — a  pluvial  period.  With  this  implement  (notwithstand- 
ing that  "  the  valley  of  the  Somme  had  assumed  its  present  form 
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prior  to  the  deposition  of  any  of  the  gravel  or  '  loess'  now  to  be  seen 
there"),  he  floods  the  valley  "  eighty  feet  above  the  present  level  of 
the  Somme."  These  prodigious  bodies  of  water  do  not  in  the  least 
erode  the  soft  chalk  sides,  or  the  bed  of  the  valley,  but,  on  the  con- 
trary, they  deposit  the  gravel  terraces  as  their  high-water  mark. 
Flints,  therefore,  in  the  pluvial  period  must  have  been  lighter  than 
water,  and  must  have  floated  on  the  surface  to  their  present  posi- 
tion. In  periods  other  than  the  pluvial  one  drift  is  driven  along 
the  beds  of  rivers  and  valleys.  And  these  terraces  of  the  Somme 
have  been  the  beds  of  the  river  or  valley,  as  I  have  had  the  honour 
to  state  in  the  Geological  Magazine  for  May,  1867. 
BaooKwooD  Pabx,  Alresford.  Geobgb  Gbeenwood,  Colonel. 


CYCLOPHYLLUM    FUNGITES. 


Sib, — ^In  the  last  number  of  the  Geological  Magazine,  Dr. 
Duncan  made  some  remarks  upon  a  statement  of  mine  which 
appeared  in  your  Magazine  for  March,  1868.  I  beg  now  to  oflFer  a 
few  words  of  explanation. 

Dr.  Duncan  writes,  "  Mr.  Young  also  appears  to  have  stated  that 
David  Ure  was  the  original  discoverer  of  the  genus  in  question,  and 
that  Prof.  M*Goy  had  clearly  delineated  the  various  parts  consti- 
tuting the  internal  organization  of  this  coral ;  to  these  statements  I 
must  give  my  unqualifled  contradiction." 

In  my  remarks  I  only  wished  to  imply  that  David  Ure  was  the 
original  discoverer  of  ^e  species  of  coral  upon  which  Dr.  Duncan's 
new  genus  was  founded,  not  the  discoverer  or  author  of  the  various 
generic  and  specific  names  that  have  since  been  applied  to  it. 

As  to  whether  Prof.  M'Coy  has  or  has  not  delineated  in  his 
figures  and  description  all  the  essential  points  in  the  internal  organi- 
zation of  this  coral,  or  whether  Dr.  Duncan  is  warranted  in  estab- 
lishing new  generic  characters  upon  the  points  which  he  says  he 
was  the  first  to  discover,  this  I  will  leave  to  the  decision  of  those 
palasontologists  who  are  better  able  than  I  am  to  decide  in  this 
matter.  The  part*  of  this  coral  upon  which  Dr.  Duncan  founds  his 
generic  distinctions,  were  not,  I  think,  so  entirely  unknown  to  Prof. 
M*Coy,  as  Dr.  Dimcan*s  remarks  would  imply.  With  him,  how- 
ever, they  did  not  constitute  points  of  generic  distinction,  but  only 
served,  as  he  states,  to  characterise  a  Well-marked  species. 

I  was  induced  to  make  those  remarks  to  which  Dr.  Duncan  has 
seen  fit  to  reply,  flrom  being  present  at  a  meeting  of  the  Geological 
Society  of  Glasgow,  on  the  18th  of  April,  1867,  when  Mr.  James 
Thomson  exhibited  a  coral,  which  he  asserted  to  be  new  to  science 
(I  will  not  say  that  he  did  this  with  Dr.  Duncan's  consent).  I  had 
not  then  seen  Messrs.  Duncan  and  Thomson's  joint-paper  on  Cych- 
phyllum  fungiteSy  but  I  stated  in  my  remai'ks  that  I  believed  it  was 
founded  upon  the  species  of  coral  first  discovered  by  David  Ure, 
and  figured  by  him  in  his  book  as  a  Fungit€9  in  the  year  1793,  but 
which  had  subsequently  received  new  generic  and  specific  names 
£vm  Fleming,  M'Coy,  and  Milne-Edwards. 
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Sinoe  then  Hr.  Thomscm  haa  obtained  the  loan  of  Ure's  original 

specimen  firom  the  collection  of  the  Boyal  Society  of  Edmburgfa» 

luuB  had  it  cat  and  polished ;  and  has  thos  proved  diat  OydophyUum 

,^w»gU€B  of  Duncan  and  Thomson  is  Ure's  Fungites ;  the  point  for 

^which  I  have  all  along  contended.  John  Touno. 

HuimRXAN   MUSBUM,   CoLLBOBy   GLASGOW, 

Apra  Sihy  1868. 

PISH-BEMAINS    IN   THE   LOWER    DEVONIAN   OP   SOUTH   DEVON 

AND  CORNWALL. 

Snty — Mr.  Salter,  in  going  over  my  late  son's  collection,  has  made 
a  somewhat  important  discovery,  which  he  has  requested  me  to 
communicate  to  you. 

There  has  been  so  much  doubt  thrown  upon  the  specimens  iden« 
tified  with  fish  remains  in  Devonian  rocks,  whilst  they  are  known 
to  swarm  in  the  Old  Bed  sandstone,  that  every  communication  on 
the  subject  is  of  some  importance. 

It  wiU  be  remembered  that  many  supposed  remains  of  fish  from 
the  slate  rocks  of  Polperro,  in  Cornwall,  were  identified  by  Professor 
M'Ck)y  with  the  Sponges.  On  this  new  form  of  sponge  he  bestowed 
the  name  Steganadictytm,  describing  it  as  a  reticular  layer  overlaid 
by  a  striated  coat.  Some  specimens  of  this  are  in  my  late  son's 
collection.  But  with  them  is  a  large  and  well  preserved  plate,  six 
inches  long,  which  evidently  belongs  to  a  species  of  Pteraspts, 

Of  course,  only  the  usual  nuchal  plate  is  preserved;  but  the 
markings  on  this  are  so  perfect  as  to  render  it  almost  impossible 
to  mistake  the  nature  of  the  fossil.  The  closely-set  sinuous  grooves, 
occasionally  interrupted,  and  disposed  in  concentric  fashion  over  the 
whole  plate,  are  rather  closer  together  than  in  the  ordinary  species 
of  Pteraspis  from  the  Com  stone  rocks.  The  species  is  undoubtedly 
new  to  Britain,  although  Mr.  Salter  has  not,  at  present,  the  means 
of  comparing  it  with  the  one  described  by  Boemer  from  the  Lower 
Devonian  of  Grermany. 

The  point  of  interest  js,  of  course,  the  finding  a  Lower  Old  Bed 
Sandstone  fish  in  Lower  Devonian  rocks  in  our  own  country.  It 
also  throws  doubts  upon  the  relationship  of  Steganodiciyum  to  the 
sponges,  inasmuch  as  this  fossil  shows  cells  like  those  of  that 
genus  immediately  beneath  the  striated  coat,  whilst  specimens  of 
Sieganodictyiimf  also  in  this  collection,  show  the  internal  layer  of  the 
fish-plate  with  the  cellular  laj'er  above  it. 

I  only  wish  to  draw  attention  to  this  fact  Mr.  Salter  will  pro- 
bably send  you  a  fuller  description  than  is  contained  in  these  few 
notes  ;  but  he  thinks  that  no  time  should  be  lost  in  making  the  fact 
known.  E.  Wyatt-Edgkij.. 

2,  Lansdowne  Placb,  Ladbroke  Square,  W., 
lUh  April,  1868. 

Having — together  with  Mr.  E.  Bay  Lankester — examined  the  late 
Mr.  Wyatt-Edgeirs  specimens  of  the  so-called  Steganodiciyum  Comu- 
hicum  and  also  the  cephalic  plate  of  Pteraspis,  from  Mudstone  Bay, 
South  Devon,  and  compared  them  with  Boemer*a  ty^^-s^^\Si«^Ti  ^ 


248  FisfHremmm  in  South  Devon,  ^c. 

PkrtupU  (ArehcBoteuilUa)  Dunemia  from  the  Lower  Devonian  of  the 
Eifel  (preserved  in  the  BritlBh  Museam),  and  with  M'Coy's  figoree 
of  the  Cornish  specimen ' — ^we  folly  concur  in  Mr.  Salter's  identifi- 
cation of  McCoy's  genus  Steganodictyum  with  the  Pieratpidian  plate 
in  Mr.  Wyatt-Edgell's  collection,  and  consider  that  they  must  both 
be  referred  to  the  genus  ScapluupU  (see  Brit.  As.  Rept  1864:,  and 
Geol.  Mao.,  1864,  VoL  I.  p.  292) ;  and,  further,  that  the  Cornish 

?)ecimens  cannot  at  present  be  separated  specifically  from  Boomer's 
iercunis  (Arehaoteuthis)  Dunensis.  As  M'Coy's  specific  name,  Camu- 
&tctfm,  however,  bears  date  1851  (Ann.  and  Mag.  Nat.  Hist.,  2ndser., 
vol.  viiL),  and  Boemer*s  name,  Dunensis,  was  given  in  1855  (PalsBonto- 
graphica,  Dnnker  and  von  Meyer,  vol.  iv.  p.  72,  tab.  xiiL),  the  name 
to  be  adopted  should  be  Scaphaapia  Comubietu.  The  late  Dr.  S.  P. 
Woodward  called  attention  to  Uie  ichthyic  character  of  Boemer*s 
supposed  ArchaotetUhia  in  his  Manual  of  Mollusca,  1856,  p.  417. 

Henkt  Woodward. 
P.S.  Since  the  above  was  written,  Professor  Huxley  informs  me 
that  Mr.  Leonard  Lyell  brought  to  him  for  examination  (some  six 
weeks  ago)  specimens  of  the  so-called  Steganodietyum  of  McCoy,  from 
South  Devon  and  Cornwall,  from  the  cabinet  of  W.  Pengelly,  Esq., 
F.B.S.,  of  Torquay,  which  he  at  once  pronounced  to  be  true  cephalic 
plates  of  Pteraapia.  H.  W. 

^  See  Sedg^ck  and  M'Coy'B  Palseozoic  Fosedls  (Tab.  2a.  fig.  1, 8).  It  is  higUj 
probable  that  Stwattodieiyym  Oartirif  M*Coy,  from  the  Deyonian  of  Cornwall  (Tab.  2a. 
ng.  4),  is  founded  on  a  finigment  of  a  cephalic  plate  of  CephaUupia, 


Aebolitio  Showeb. — ^PoooENDonFF*8  Amnalbn  (Band  cxxxiu.)  contains  a 
notice  of  a  recent  great  fall  of  Meteoric  Stones,  of  which  the  following  is  a  sum- 
mary : — On  the  80th  of  January  of  the  present  year,  a  number  of  Stone  Aerolites 
fell  at  Sielce  and  Gostkow,  near  Pultusk,  in  Poland.  Many  details  of  the  fall  are 
yet  wanting ;  but,  according  to  the  accounts  which  haye  alreadj  reached  us,  the  phe- 
nomena accompanying  it  appear  to  haye  been  of  the  usual  kind.  A  large  fire-ball 
was  seen  about  seyen  o'clock  in  the  eyenin^,  passing  rapidly  from  the  North- West  to 
the  South-East,  with  a  constantly  increasing  briluancy,  and  at  last  exploded  with 
a  great  noise,  scattering  a  shower  of  stones  in  the  immediate  yioiniW  oi  the  aboye 
places.  This  fire-ball  was  yisible  in  Silesia,  Prussia,  Posen,  etc.  Professor  £ber- 
hard  Fugger,  of  Stockerau,  Austria,  under  the  date  of  February  7th,  ^yes  the  fol- 
lowing account  of  the  meteor  as  seen  at  that  place.  It  may  hie  premised  that  the 
distance  between  Stockerau  and  Pultusk  is  nearly  400  nules  as  the  crow  flies.  '*  On 
the  30th  of  January  of  this  year,  a  brilliant  meteor  was  obsenred  here.  About  ten 
minutes  before  seven  in  the  evening,  a  blue  flaming  ball  showed  itself,  which  ap- 

5 eared  to  come  from  the  moon;  it  trayelled  towards  the  South-East,  becoming 
uring  its  progress  larger  and  more  brilliant,  a  blue  light  at  the  same  time  spr^iding 
itself  oyer  the  neighbourhood.  The  ball  gradually  disappeared  behind  the  moun- 
tains  on  the  right  oank  of  the  Danube,  decreasing  in  size,  and,  after  it  had  com- 
pletely disappeared,  a  sudden  crack  like  thunder  was  heard.  When  the  meteor  was  at 
Its  greatest  size,  it  did  not  appear  to  be  higher  from  the  ground  than  double  the  height 
of  a  church-tower.  This  pnenomenon  lasted  for  fifteen  seconds,  and  was  visible  at 
Briinn  and  other  places.  A  similar  meteor  was  observed  in  Stockerau  on  the  21st  of 
January  of  this  year,  at  7.40  p.m."  A  stone  as  large  as  a  child's  head  is  reported  to 
have  fallen  at  JBaden- Baden,  at  eleven  o'clock  on  the  same  evening  as  those  near 
Pultusk,  some  fragments  of  which  are  said  to  have  been  received  by  the  Dantzic 
astronomer,  Eaper.  Several  of  the  Sielce  and  Gostkow^  stones,  ranging  Arom  a  few 
ounces  to  71bs.  m  weight,  have  been  forwarded  to  the  British  Museum.  The  interior 
of  these  stones  is  of  a  bluish-grey  colour,  somewhat  similar  to  those  which  fell  at 
L'Aigle,  in  France,  in  April,  1803 ',  and  the  crust  is  of  a  dull  black  and  brown  colour, 
and  of  varying  thickness.  T.  D. 
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L — On  Dknudation  now  in  Pbogbxsb.^ 

By  Abgbibjlld  Ganu%  F  JLS^  Director  of  the  Geological  SarYey  of  Seotlmd. 

rnHE  extent  to  whidi  a  oounlry  suffen  denudation  at  the  present 
X  time  ie  to  be  measured  by  the  amonnt  of  mineral  mafcter  lemorved 
from  its  sarfaoe  and  oarried  into  the  aea.  An  attentiye  fl-r^wiT^fttii?!! 
of  this  subject  is  caloulated  to  throw  some  l^ht  on  the  vexed  ques* 
tion  of  the  origm  of  yallejs  and  also  on  <£e  value  of  geological 
time.  Of  the  mineral  sobstanoes  reofeived  by  the  sea  &om  the  land, 
one  portion,  and  by  far  the  lazgw,  is  brought  down  by  streams,  the 
other  is  washed  off  by  the  waves  of  the  sea  itself. 

L  The  material  removed  by  streams  is  two-fold ;  one  part  being 
chemically  dissolved  in  the  water,  the  other  mechanically  suspended 
or  pushed  along  by  the  onward  motion  of  the  streams.  The  former, 
though  in  large  measure  derived  from  underground  sources,  is  like- 
wise partly  obtained  from  the  surface.  In  some  rivers  the  substances 
held  in  soluticm  amount  to  a  considerable  proportion.  The  Thames, 
for  example,  carries  to  the  sea  every  year  about  4^0,000  tons  of  salts 
invisibly  dissolved  in  its  waters.  But  the  material  in  mechanical 
susp^ision  is  of  chief  value  in  the  present  enquiry.  The  amount  of 
such  material  annually  transported  to  the  sea  by  some  of  the  larger 
rivers  of  the  globe  has  been  the  subject  of  careful  measurement  and 
calculation.  Much  has  been  written  of  the  vastness  of  the  yearly 
tribute  of  silt  borne  to  the  ocean  by  such  streams  as  the  (Ganges  and 
Mississippi.  But,  as  was  first  pointed  out  by  Mr.  Tylor,  '*  the 
mere  consideration  of  the  number  of  cubic  feet  of  detritus  annually 
removed  from  any  tract  of  land  by  its  rivers  does  not  produce  so 
striking  an  impression  upon  the  mind  as  the  statement  of  how  much 
the  mean  surface  level  of  the  district  in  question  would  be  reduced 
by  such  a  removal." '  When  the  annual  disdiarge  of  sediment  and  the 

^  Abstract  of  part  of  a  paper  read  before  the  Geological  Society  of  Glasgow  on 
26tb  March,  and  which  will  appear  in  a  forthcomiog  part  of  the  Trfuunotions  of  that 
Society. 

*  Tylor,  Phil.  Mag.,  4th  seriea,  y.  260  (1853).  My  attention  was  first  called^  to 
this  yery  obvious  and  instnictiye  method  of  representing  the  results  of  denudation 
by  some  remarks  of  Mr.  Croll  in  the  Phil.  Mag.  for  February,  1867.  Mr.  Tyler's 
etrlier  publication  was  afterwards  pointed  out  to  me  by  Professor  Ramsay.  Mr.  CroU, 
following  up  the  line  of  argument  suggested  in  his  former  paper,  has  gone  into 
further  detail  upon  this  subject  in  a  memoir  published  in  the  Phil.  Mag.  for  this 
month  (May),  which  will  be  of  essential  service  to  geology. 

VOL.  y. — ^No.  xLYni.  17 
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area  of  Hie  nro'-lMBbi  sie  bock  known,  tiie  one  snm  divided  by  the 
other  gires  Ihe  fincdon  by  whidi  tiie  area  drained  by  the  river  has 
its  general  level  redoGed  in  one  year.  For  it  is  dear  that  if  a  river 
carries  so  many  milling*  of  cubic  feet  of  sediment  every  year  into 
the  sea,  the  area  of  countiy  drained  by  it  mnst  have  lost  that  quantity 
ci  soHd  material,  and  if  we  could  restore  the  sediment  so  as  to 
spread  it  over  the  basin,  the  layer  so  laid  down  would  represent  the 
6acdon  of  a  foot  by  whidi  die  basin  had  been  lowered  during  a  year. 
Tim  the  Gaogcs  has  its  driinsgf  area  lowed  bj  ,-^  of  a  foot  per  annuxn.^ 
MiMwpy  „  „  ^  ^  „ 

Hoaa^Ho  „  »  ii*  »»  »» 

Danaba  „  „  gjj^  „  „ 

Hie  laborious  investigations  of  Messrs.  Humphreys  and  Abbot' 
have  shewn  that  in  the  water  of  the  Mississippi  the  amount  of  sedi- 
ment is  i^  by  weight  This  is  a  much  smaller  quantity  than  that  in 
many  other  rivers  of  the  globe.  Taking  it,  however,  as  an  approxi- 
mate mean  for  the  rivers  of  this  country,  we  find  that 

Tlw  Thames  lowen  its  diainfa  haan  by  ^^^  of  a  foot  per  annam.^ 

^<Wth  „  »  <m  »  »» 

Boyne  ♦,  ,,  ^  „  „ 

It  is  much  to  be  desired  that  careful  measurements  should  be  made 
of  the  quantity  of  silt  carried  down  by  our  British  rivers.  In  the 
case  of  the  Nith  a  series  of  measurements  and  deductions  made  by 
the  engineer  on  the  river  led  him  to  the  conclusion  that  the  quantity 
of  detritus  borne  by  that  stream  into  the  Solway  Firth  reaches  every 
year  an  amount  varying  from  112,000  to  120,000  cubic  yards.'  This 
is  equal  to  the  lowering  of  the  surface  of  the  basin  of  drainage  by 
about  —^  of  a  foot  per  annum. 

But  besides  the  materials  held  in  suspension  there  must  also  be 
taken  into  account  the  quantity  of  sand  and  gravel  pushed  along  the 
bottom.  In  the  case  of  the  Mississippi  this  was  estimated  by  the 
United  States  Survey  at  750,000,000  cubic  feet.  In  our  own  rivers 
it  is  probably  on  the  whole  proportionally  greater.  Indeed  the 
amount  of  coarse  detritus  carried  down  even  by  small  streams  is  almost 
incredible.  Mr.  Thomas  Stevenson,  the  eminent  harbour  engineer, 
informs  me  that  at  Lybster  on  the  Caithness  Coast,  where  a  harbour 
has  been  constructed  at  the  mouth  of  a  small  stream,  between  400 
and  600  cubic  yards  of  gravel  and  sand  are  every  year  carried  down 
by  the  stream.  The  area  of  drainage  is  estimated  at  about  4  square 
miles.  A  weir  or  dam  has  been  constructed  to  protect  the  harbour 
from  the  inroad  of  the  coarser  sediment,  and  this  is  cleaned  out  regu- 
larly every  summer.  A  great  deal  of  fine  silt  must  be  swept  out  to 
sea,  yet  the  portion  of  detritus  caught  by  the  weir.,  and  annually 

^  These  fractions  represent  the  amount  of  solid  rock  removed  from  the  drainage- 
basins,  allowing  1  '9  as  the  specific  gravity  of  the  silt,  and  2*6  as  that  of  average  rock. 
'  Report  on  the  Physics  and  Hydraulics  of  the  Mississippi  River.    1861. 
*  Appendix  C  to  Second  Report  of  Tidal  Harbour  Commission,  1847|  p.  603. 
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moYedy  lepreBenis  a  yearly  lowering  of  the  smfiBtee  of  this  little 
unn  by  nJob  of  a  foot 

Comparing  the  measurements  which  have  been  made  oi  the  pro- 
ntion  of  sediment  in  different  streams  we  shall  probably  not  assume 
o  high  an  average  if  we  take  that  of  the  carefully  elaborated  Survey 
'  Uie  Mississippi.  This  gives  an  annual  loss  over  the  area  of  drain- 
^  equal  to  ib^  of  a  foot.  If  then  a  country  is  lowered  by  -^  of  a 
ot  in  one  year,  should  the  existing  causes  continue  to  operate  undis- 
irbed  as  now,  it  will  be  lowered  1  foot  in  6000  years,  10  feet  in  60,000 
sars,  100  feet  in  600,000  years,  and  1000  feet  in  6,000,000  years, 
he  mean  height  of  the  Continents,  according  to  Humboldt's  calcula- 
on,'  is  in  Europe  671,  North  America  748,  South  America  1151,  and 
sia  1132  English  feet.  Under  such  a  rate  of  denudation  therefore 
urope  must  disappear  in  little  more  than  four  million  of  years, 
orth  America  in  about  four  millions  and  a  half,  South  America  and 
ma  in  less  then  seven  millions.  These  results  do  not  pretend  to  be 
LOre  than  approximative,  but  they  are  of  value  inasmuch  as  they 
ind  to  shew  that  geological  phenomena,  even  those  of  denudation, 
'hich  are  often  appealed  to  as  attesting  the  enormous  duration  of 
eological  periods,  may  have  been  accomplished  in  much  shorter  in- 
^rvals  than  have  been  claimed  for  them.  The  demands  made  by 
eologists  for  unlimited  ages  during  which  the  history  of  the  earth 
as  been  advancing  are  opposed  by  modem  physics.  It  will  as- 
iredly  be  necessary  to  revise  the  whole  subject  of  geological  time, 
nd  in  the  end  to  accept  a  much  lower  antiquity  for  our  planet  than 
as  been  on  geological  grounds  assigned  to  it. 
The  material  carried  to  sea  by  rivers  has  been  spoken  of  in  the 
revious  part  of  this  paper  as  having  been  removed  from  the  general 
rea  of  drainage,  which  in  consequence  is  thereby  reduced  in  level. 
b  is  of  importance  to  look  at  the  subject  from  this  point  of  view  in 
rder  to  obtain  some  adequate  idea  of  the  extent  of  the  loss  which 
iie  land  is  constantly  undergoing  before  our  eyes.  But  it  is  obvious 
liat  the  material  so  removed  does  not  come  equally  from  the  whole 
rea  of  drainage.  Very  little  may  be  obtained  from  the  plains  and 
ratersheds ;  a  great  deal  from  the  declivities  and  valleys.  It  may 
ot  be  easy  to  apportion  its  share  of  the  loss  to  each  part  of  a 
istrict,  but  the  sum  total  of  denudation  is  not  affected  thereby, 
f  we  allow  too  little  for  the  loss  of  the  table-lands,  we  increase  the 
iToportion  of  the  loss  sustained  by  the  slopes  and  valleys,  and  vice 
eraa.  There  can  be  no  doubt  that  the  erosion  of  the  slopes  and 
rater-courses  is  very  much  greater  than  that  of  the  more  level 
^unds.  Let  it  be  assumed  that  the  waste  is  nine  times  greater  in 
he  one  case  than  the  other  (in  all  likelihood  it  is  more)  ;  in  other 
7ords,  that  while  the  plains  and  table-lands  have  been  having  one 
oot  worn  off  their  surface,  the  declivities  and  river-courses  have 
ost  nine  feet.  Let  it  be  further  assumed  that  one-tenth  part  of  the 
urface  of  a  coimtry  is  occupied  by  its  water-courses  and  glens,  while 
he  remaining  nine-tenths  are  covered  by  the  plains,  wide  valleys, 
•r  flat  grounds.    Now,  according  to  the  foregoing  data,  the  mean 

^  Afie  Centrale,  tome  i.  168. 
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annual  quantity  of  detritus  carried  to  the  sea  is  equal  to  the  yearly 
loss  of  ^  of  a  foot  from  the  general  surface  of  the  country.    The 
valleys,  therefore,  are  lowered  hy  ^  of  a  foot,  and  the  more  opea 
and  flat  land  by  j—^  of  a  foot.     At  this  rate  it  will  take  10,800  years 
before  the  level  ground  has  had  a  foot  pared  oflf  its  surface,  while  in 
1200  years  the  valleys  will  have  sunk  a  foot  deeper  into  the  frame- 
work of  the  land.     By  the  continuance  of  this  state  of  things  a 
valley  1000  feet  deep  may  be  excavated  in  1,200,000  years.  We  may 
take  other  proportions,  but  the  facts  remain,  that  the  country  loMS 
a  certain  ascertainable  fraction  of  a  foot  from  its  general  surface  per 
annum,  and  that  the  loss  from  the  valleys  and  water-courses  is  moA 
larger  than  that  fraction,  while  the  loss  from  the  level  grounds  is 
much  less. 

It  seems  an  inevitable  conclusion  that  those  geologists  who  pdnt 
to  deep  valleys,  gorges,  lakes,  and  i*avines,  as  parts  of  the  primeval 
architecture  of  a  country,  referable  to  the  upheavals  of  early  geolo- 
gical time,  ignore  the  influence  of  one  whole  department  of  natural 
forces.  For  it  is  e^^dent  that  if  denudation  in  past  time  has  gone 
on  with  anything  like  the  rapidity  with  which  it  marches  now,  tiie 
original  irregularities  of  surface  produced  by  such  ancient  subter- 
ranean movements  must  long  ago  have  been  utterly  effaced.  Hat 
the  influence  of  these  underground  disturbances  has  often  con* 
trolled  the  direction  in  which  the  denuding  forces  have  worked,  or 
are  now  working,  is  obvious  enough;  but  it  is  equally  clear  tiiat 
under  the  regime  of  rain,  frost,  ice,  and  rivers,  there  must  hava 
been  valley-systems  wherever  a  mass  of  land  rose  out  of  the  sea, 
irrespective  altogether  of  faults  and  earthquakes.  No  one  who  has 
ever  studied  rocks  in  the  field  is  likely  to  overlook  the  existence  of 
faults  and  other  traces  of  underground  movement.  But  he  meets 
everywhere  with  proofs  of  the  removal  of  vast  masses  of  rock  from 
the  surface,  which  no  amount  of  such  movements  will  explain.  At 
their  present  rate  of  excavation  the  "  gentle  rain  from  heaven,"  and 
its  concomitant  powers  of  waste,  will  carve  out  deep  and  wide 
valleys  in  periods  which,  by  most  geologists,  will  be  counted  short 
indeed.  And  if  an  agency  now  in  operation  can  do  this,  it  seems  as 
unnecessary  as  it  is  unphilosophical  to  resort  to  conjectural  catadysma 
and  dislocations  for  which  there  is  no  evidence,  save  the  vary  j^ 
nomena  which  they  are  invented  to  explain. 

In  reference  to  the  origin  of  the  present  configuration  of  Hie  earth's 
surface,  attention  has  recently  been  more  specially  drawn  to  the 
Highlsmds  of  Scotland  as  retaining  in  great  measure  the  **  aboriginal 
outline"  impressed  upon  them  by  ancient  upheavals  and  fractares. 
To  this  subject  it  may  be  proper  to  return  on  another  occasion.  In 
the  meantime  it  may  be  remarked  that  these  subterranean  move- 
ments must  have  happened  previous  to  the  formation  of  Hie  Old  Bed 
Sandstone.  If,  then,  the  present  outlines  of  the  surface  are,  in  the 
main,  older  than  that  formation,  it  is  evident  either  that  the  time  of 
the  Old  Red  Sandstone  cannot  be  removed  by  any  long  period  from 
our  own  day,  otherwise  these  outlines  would  have  been  obliterated 
by  atmospheric  waste,  acting  even  no  faster  than  it  is  doing  now ; 
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r  that  the  rate  of  denndatioii  (and  oonaeqiieiKtly  of  deposition)  must 
live  been  in  past  tinie  infinitely  slower  than  at  the  present  day. 
3ie  Sormer  half  of  the  alternative  will  be  at  onoe  rejected ;  the  latter 
OM  in  the  face  of  all  received  geological  belief. 

In  accordance  with  the  views  now  expressed*  existing  lakes  as  a 
lie  must  be  of  comparatively  modem  origin.  We  see  that  the 
zeama  which  enter  them  push  yearly  increasing  deltas  into  the 
■tor.  The  rate  at  which  tae  deltas  grow  shows  that  they  cannot, 
t  a  geological  sense,  be  very  old.  If  the  delta  of  the  Blione  has 
«pt  a  mile  and  a  half  into  the  lake  of  (Geneva  during  eight  cenr 
ines,  a  thousand  years  must  represent  no  insignificant  ^taction  of 
ifi  interval  since  the  river  began  to  push  its  detritus  into  the  lake. 
iad  the  lake  basin,  therefore,  been  of  ancient  origin,  it  must  neces- 
rily  have  been  long  ago  filled  up  with  sediment ;  and,  once  in  that 
nddtioni  no  power  of  running  water  oould  re-excavate  it  so  as  to 
on  it  into  a  lake  again.  If  the  immense  mass  of  lakes  scattered 
rer  the  temperate  and  northern  parts  of  our  hemisphere  be  due  in 
ly  large  measure  to  underground  forces,  there  must  have  been  in 
cent  geological  times  an  amount  of  dislocation,  upheaval,  and  de- 
ression,  of  which  there  is  no  other  evidence,  and  which  indeed  is 
rectly  contradicted  by  the  actual  facts.    We  are  driven,  therefore, 

seek  some  explanation  which  will  account  for  these  rock  basins 
1  the  admission  that  they  are  of  recent  date,  and  cannot  be  due  to 
iderground  agency.  The  theory  of  ProfeBsor  Ramsay — that  they 
ere  scooped  out  by  the  ice  of  the  Glacial  period — ^harmonizes  these 
)6tulates,  and  furnishes  a  most  important  element  in  the  elucidation 
;  the  history  of  the  earth's  surface. 

IL — The  detritus  wasted  from  the  land  is  carried  away  not  only 
f  streams,  but  in  port  also  by  the  waves  and  currents  of  the  sea. 
et  if  we  consider  tJie  abrasion  due  directly  to  marine  action,  we  shall 
3  led  to  perceive  that  its  extent  is  comparatively  small.    In  what 

called  marine  deniidationy  the  part  played  by  the  sea  is  rather  that 
r  removing  what  has  been  loosened  and  dec(»nposed  by  atmospheric 
^nts  than  that  of  eroding  the  land  by  its  own  proper  action, 
oideed,  when  a  broad  view  of  the  whole  subject  is  taken,  die  amount 
f  denudation  which  can  be  traced  to  the  direct  effects  of  the  sea 
lone  is  seen  to  be  altogether  insignificant.  Tet  even  if  we  grant 
>  the  action  of  the  waves  and  tides  all  that  is  usually  included 
nder  marine  denudation,  the  sum  total  of  waste  along  the  sea- 
largin  of  the  land  is  still  trifling  compared  with  that  effected  by 
le  meteoric  agents  upon  the  interior.  Islanders,  as  we  are,  familiar 
rem  infancy  with  the  fury  of  the  breakers  which  beat  along  our 
oast-line  and  strew  it  with  wrecks,  we  are  apt  to  attribute  to  the 
cean  too  great  a  share  in  the  work  of  wearing  down  the  land. 
Wen  in  an  island  like  Britain  the  extent  of  surface  exposed  to  the 
ower  of  the  waves  is  very  small  indeed  when  contrasted  with  that 
rhich  is  under  the  influence  of  atmospheric  waste.  And,  of  course, 
1  the  case  of  the  continents  the  discrepancy  is  infinitely  greater. 
a  the  general  degradation  of  the  land  this  is  an  advantage  in  favour 
f  tbe  subaerial  agents,  which  would  not  be  counterbalanced,  unless 
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the  rate  of  waste  by  the  sea  were  many  thousands  or  millions  of 
times  greater  than  that  of  rains,  frosts,  and  streams.  But  no  snch 
compensation  exists.  Let  us  suppose  that  the  sea  eats  away  a  conti- 
nent at  the  rate  of  ten  feet  in  a  century — an  estimate  which  probably 
attributes  to  the  waves  a  very  much  higher  rate  of  erosion  than  can 
as  the  average  be  claimed  for  them, — ^then  a  slice  of  about  a  mile  in 
breadth  will  require  about  52,800  years  for  its  demolition,  ten  miles 
will  be  eaten  away  in  528,000  years,  one  hundred  miles  in  5,280,000 
years.  But  we  have  already  seen  that  on  a  moderate  computation 
such  a  continent  as  Europe  will,  at  the  present  rate  of  subaerial 
waste,  be  worn  away  in  about  4,000,000  years.  Hence,  before  the 
sea  could  pare  off  more  than  a  mere  marginal  strip  of  land  between 
70  and  80  miles  in  breadth,  the  whole  land  would  be  washed  into 
the  ocean  by  atmospheric  denudation.^ 

If  therefore  the  elements  have  acted  upon  the  surface  of  the  land 
in  past  time  with  any  approach  to  the  proportions  in  which  they  are 
acting  now,  it  is  dear  that  the  sea  can  have  played  but  a  secondaiy 
part  in  modelling  the  outlines  of  a  continent.  It  may  be  objected, 
to  this  conclusion,  that  the  traces  of  wide  level  tracts,  known  as 
plains  of  marine  denudation,  so  commonly  to  be  met  with  over  the 
earth's  surface,  can  only  be  attributed  to  sea-action,  and  prove  the 
sea  to  have  had  no  small  share  in  the  general  task  of  planing  down 
the  land.  These  plains  are,  indeed,  in  all  probability,  referable  to 
the  action  of  the  sea ;  but  if  we  reflect  on  the  tendency  of  atmo- 
spheric waste,  we  must  perceive  that  such  plains  are  the  natural 
and  necessary  result  of  that  waste.  In  short,  a  "  plain  of  marine 
denudation  "  is  the  sea-level,  to  which  a  mass  of  land  has  been 
reduced  by  rains,  ice,  and  streams, — the  line  below  which  further 
degradation  became  impossible,  because  the  land  was  thereafter 
protected  by  being  covered  by  the  sea.  Undoubtedly  the  last 
touches  in  the  long  process  of  sculpturing  were  given  by  the  waves 
and  currents  ;  yet  in  the  past  history  of  our  planet  the  influence  of 
the  ocean  has  been  far  more  conservative  than  destructive.  Beneath 
the  reach  of  the  waves  the  surface  of  the  submerged  land  has 
escaped  the  demolition  which  sooner  or  later  overtakes  all  that  rises 
above  them,  and  there  too  have  been  accumulating  the  sedimentary 
materials  out  of  which  the  existing  continents  have  been  framed. 


n. — The   Suffolk  Bonb-bed  and  the  Diestien  ok  Blaok  Crag 

IM  England. 

By  E.  Rat  Lankbstbr,  Junior  Student  of  Christ  Church,  Oxford. 

IN  the  following  pages,  I  am  anxious  briefly  to  make  known 
certain  new  facts  bearing  on  the  history  of  the  Crags  which 
I  have  recently  ascertained,  and  also  to  make  some  observations  on 
papers  lately  published  relating  to  those  beds. 

^  The  action  of  meteoric  agents  and  of  the  sea  is  independent  of  sahterranean 
moyements,  and  must  go  on  whether  a  land  is  upheayed  or  depressed.  These  moTe- 
ments  will  in  some  oases  favour  subaerial  denuoation,  in  others  marine  denudation, 
as  shewn  in  the  paper  of  which  the  aboye  is  an  abstract.  But  in  taking  a  generalised 
yiew  of  the  subject  Uieir  influenee  may  be  disregarded. 


Latiiester^On  the  Sufolk  Bane-bed  and  tke  Black  Orog.  S5ff 

In  the  November  number  of  this  jonmal,  my  friend,  Dr.  A.  Ton 
Koenen,  of  Marbuig,  does  me  the  honour  of  criticizing  the  paper 
which  I  pablifihed  herein  daring  1865.  As  to  matters  of  fact,  ut. 
Ton  Koenen  and  myself  agree  most  closely,  but  he  has  taken  excep- 
tion to  my  use  of  the  terms  Pliocene  and  Miocene.  I  now  regret 
"very  much  that  I  have  ever  used  those  terms  at  all ;  and  agree  with 
Mr.  Gk)dwin-Au8ten  that  they  may  tend  to  misunderstanding  and 
confusion.  It  is,  however,  I  must  submit,  rather  strange  that  a 
geologist  who  adopts  such  an  innovation  as  ''  Oligocene"  should  be 
severe  on  another  as  to  the  limitations  of  ''Pliocene*'  and 
"  Miocene."  I  hereby  desire  to  abandon  these  terms  altc^ther  in 
speaking  of  the  English  and  Belgian  Crags,  and  by  so  doing  I 
believe  that  I  leave  myself  in  complete  accord  with  Dr.  von  Koenen 
as  to  the  age  of  the  Black  Crag  of  Antwerp.  It  is  a  deposit  which 
may  be  classed  veiy  naturally  with  the  other  Crags,  but  differs 
little  from  beds  called  Upper  Miocene,  agreeing  with  such 
especially  in  its  Cetacean  and  Shark  &una.  Dr.  von  Koenen 
also  appears  to  have  no  high  opinion  of  M.  Nyst's  concho- 
logical  investigations,  of  which  I  availed  myself  in  estimating  the 
age  of  the  Diestien  and  Scaldisien  beds.  In  reply  to  this  I  must 
refer  to  my  paper  (Osol.  Mao.,  1865,  p.  149),  in  which  I  gave  Uie 
results  of  very  oureful  analyses  of  the  researches  of  Mr.  Searles 
Wood  and  M.  Nyst,  corrected  by  the  aid  of  my  much-regretted 
friend  Dr.  S.  P.  Woodward.  The  per  centage  results  which  I 
arrived  at — so  far  as  they  have  any  value  (and  I  think  they  have 
considerable  value) — are  almost  identical  with  those  given  by  Mr. 
Prestwich,  through  Mr.  Gwyn  Jeffreys,  in  a  paper  recently  read  at 
the  Geological  Society. 

The  paper  by  Mr.  Prestwich  just  referred  to,  has  the  great  value 
which  all  the  work  of  so  eminent  an  observer  carries.  Hence  I 
feel  some  gratification  in  pointing  out  that  he  recognises  the  exist- 
ence of  the  so-called  Coprolite  bed  at  the  base  of  both  Coralline 
and  Bed  Crag,  containing  both  terrestrial  and  marine  mammalian 
remains  and  Plagiostomous  fish-teeth.  This  fact  I  first  announced 
in  my  paper  alieady  referred  to.  Mr.  Prestwich  also  confirms  me 
in  my  observation  of  the  different  mineral  condition  of  the  "  Copro- 
lite bed''  bones  from  that  of  those  proper  to  the  Crags.  This  fact 
I  dwelt  on  at  some  length  in  a  paper  in  the  Quart  Joum.  GeoL 
Society,  1865,  p.  223.  Further,  Mr.  Prestwich  agrees  to  my 
deductions  from  these  facts,  and  a  study  of  the  pidsdontologioal 
evidence,  and  he  endorses  my  conclusion  that  the  Cetacean  and 
Shark  remains  of  the  Coprolite-bed  are  derived  from  a  previous 
deposit  of  the  age  of  the  Syst^me  Diestien  of  Belgium.^ 

The  existence  in  the  Coprolite  beds  of  a  glauconitic  sandy  matrix 

^  In  former  papers  I  have  spoken  of  the  bed  from  which  the  Cetaceans  ori^finiUy 
come  as  of  Middle  Crag  age.  This  is  an  error ;  the  Middle  Crag  of  Antwerp  is  pro- 
bably, as  Mr.  Godwin-Austen  says,  of  Scaldisien  age,  with  remain^  Diestien  forms 
in  it.  There  is  no  doabt  that  the  Antwerp  Cetaceans  and  Sharks  belone  tmly  to  the 
Diestien  system,  and  hence  it  is  to  the  denved  Diesten  fauna  in  the  Mididle  Crag  that 
our  Coprolite  fossils  are  related. 
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fkdberent  to  many  of  the  Cetacean  remsuns,  and  of  sandstone  nodnles 
containing  fossils  of  Diestien  age  is  not  noticed  by  Mr.  Prestwich. 
J  have  emphatically  alluded  to  this  sandy  matrix  in  both  the  papers 
on  the  Crags,  which  I  have  published.  I  have  now  to  state  that 
durii^  a  recent  visit  to  Suffolk  I  have  obtained  some  thirty  species 
of  Mollusca  (perhaps  more)  from  these  sandstone  blocks,  and  that 
they  are,  as  far  as  I  have  yet  had  leisure  to  examine  them,  of 
Diestien  age.  I  have  FeciuncvH,  an  unusually  large  number  of 
iBocardia,  some  of  the  form  J.  lunulaia,  Voluia  Lamberti  of  the 
Diestien  variety,  differing  notably  from  the  Scaldisien,  Bed,  and 
Coralline  Crag  form  in  its  more  elongate  spire,  Fynda  sp.,  and 
many  others.  The  Pyrula  figured  by  Mr.  Searles  Wood  from  one 
of  these  nodules  differs  from  all  l^e  normal  Bed  and  Coralline 
Crag  specimens  so  widely,  that  he  gives  it  a  distinct  specific  title. 
Mr.  Wood  appears  to  have  had  but  few  specimens  from  these 
nodules,  and  considered  them  of  Coralline  Crag  age.  The  specimens 
are  in  the  condition  of  casts,  the  shell  being  in  almost  every  case 
dissolved  away.  They  present  a  remarkable  similarity  in  appearance 
to  the  fossils  from  the  ferruginous  sandstones  of  Lenham  in  Kent, 
which  are  reputed  of  Crag  age.  I  had  the  pleasure  of  examining 
Mr.  Prestwich's  collection  of  these  fossils  with  Dr.  von  Koenen 
some  years  since,  and  I  think  it  very  probable  that  their  age,  and 
that  of  the  Suffolk  sandstone  nodules,  is  identical.  That  the  latter 
are  of  Diestien  age  there  can,  I  think,  be  little  doubt ;  for  in  addi- 
tion to  the  Mollusca  we  have  the  important  evidence  of  the  existence 
of  the  Cetacean  remains  in  these  rolled  sandstones,  and  I  have  just 
obtained  the  largest  CarcJiarodon  tooth  I  have  yet  seen  embedded  in 
part  in  one  of  these  sandstone  nodules. 

With  regard  to  the  so-called  Coprolite-bed,  which  is  evidently  a 
great  beach  or  littoral  accumulation  (like  all  other  bone-beds)  which 
was  formed,  immediately  before  the  Coralline  Crag,  from  the  detritus 
of  the  London  Clay,  the  Diestien  or  Black  Crag,  and  the  fragments 
of  subaerial  and  fresh-water  accumulations  (whence  its  Mastodon, 
BhinoceroSj  Tapir,  Hycena,  Sus,  and  Cervus  teeth),  I  wish  to  point  out 
the  impropriety  of  the  term  "Coprolite-bed"  (which  is  the  local 
name,  and  which,  I  believe,  Mr.  Prestwich  adopts),  for  there  is 
probably  not  one  coprolite  in  the  whole  of  it.  The  phosphatic 
nodules  are  masses  of  London  Clay,  often  with  characteristic  fossils, 
such  as  may  now  be  seen  rolled  about  on  Suffolk  beaches;  and 
these — by  a  process  of  substitution,  which  \a  no  vague  theory  but  a 
recognised  chemical  fact — have  received  some  50  per  cent  of 
phosphate  of  lime  from  the  vast  quantities  of  fossil  bones  with 
which  they  were  associated  on  the  sea-shore.  This  same  history 
applies  to  other  phosphatic  deposits,  Cambridge,  Potton,  etc.,  as  I 
believe  Mr.  Walker  has  pointed  out.  This  being  the  case  I  propose 
to  substitute  the  term  "Suffolk  Bone-bed"  for  "Coprolite-bed," 
since  it  does  not  involve  an  erroneous  theory,  and  the  bed  in  question 
is  truly  a  "  bone-bed,"  and  comparable  to  other  great  "  bone-beds," 
such  as  that  at  the  base  of  the  Lias. 

I  am  able  to  offer  an  additional  proof  of  the  distinct  character  of 
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the  Snfblk  Bon^bed,  in  itB  ooourxenoe  in  a  pit  at  Trimley  on  tiie 
Orwell,  without  any  superimposed  Crag,  Bed  or  Coralline.  The 
aection  in  this  pit  gave  soil  1^  ft,  day  with  flints  ^^  ft,  red  sand 
(finom  which  I  obtained  a  tooth  of  El^has  meridioMlU)  12  feet^ 
Bone-bed  1^  feet,  oonsisting  of  phosphatio-day  nodules,  sandstone 
nodules  and  slabs,  bones,  teeth,  eto.,  with  greyish  white  sand. 

The  study  of  chemical  geolQTjr  does  not  receive  in  this  country 
the  attention  which  it  merits.  l%e  discussions  in  this  Magazine  on 
the  chemistry  of  the  Prim»val  earth,  show  who  are  the  men  to  deal 
with  such  questions,  but  nothing  appears  to  be  done  as  to  the  prih 
cesses  of  fassiUzcUiony  a  most  important  subject,  which,  if  reduced  to 
principles,  would  greatly  aid  students  of  Cainozoio  geology.^  The 
mineral  conditions  of  the  vertebrate  remains  of  the  Suffolk  Bone-bed 
is  a  case  in  point.  The  enamel  orowns  only  (with  rare  ezceptions} 
of  the  teeth  of  terrestrial  mammalia  are  found  in  it  Some  persons 
have  been  astonished  at  the  very  great  rariiy  of  bones  corresponding 
to  the  teeth  of  the  terrestrial  mammals,  whilst  bones  in  the  same 
mineral  condition  as  the  cetacean  teeth  and  tusks  of  Trieheeodon  are 
by  no  means  so  rare.  I  believe  the  explanation  of  this  is  to  be 
found  in  the  fact  that  the  bones  of  land  animals  came  on  to  the 
Bone-bed  beach  either  in  a  fresh  condition  or  in  a  very  different 
state  of  preservation  from  the  Diestien  Cetaceans.  The  sea  very 
rapidly  destroys  fresh  bones  by  a  chemical  as  well  as  mechanicfd 
action :  this  fact  was  elicited  last  year  at  Dundee,  in  the  discussion 
on  Mr.  Gwyn  Jeffrey's  dredging  report,  who  recorded  the  occuirenoe 
of  a  ferret's  bone  dredged  from  a  considerable  depth :  this  was  the 
only  bone  of  a  land  animal  which  Mr.  Jeffreys  had  ever  dredged, 
great  as  his  experience  has  been.  Thus  it  is  that  the  cement  and 
dentine  of  the  teeth  as  well  as  the  bones  of  the  terrestrial  mammals 
of  the  Crag  Bone-bed  have  been  destroyed,  whilst  the  durable 
stony  enamel  crowns  remain  intact  It  is  very  probable  that 
many  of  the  remains  of  terrestrial  mammals  in  the  Crag  Bone-bed 
were  embedded  in  fresh-water  deposits  contemporaneous  with 
Diestien  beds,  which  I  have  alluded  to  in  other  papers,  as  deposits 
of  late  Miocene  or  early  Pliocene  age.  A  most  remarkable  thing  is 
the  supposed  persistence  of  Mastodon  Arvemensis  from  this  early 
period  to  the  epoch  of  the  Forest-bod  of  Norfolk  ;  is  it  not  a 
derived  fossil  there?  The  present  coast-line  of  Essex,  Suffolk, 
and  Norfolk  indicates  and  limits  an  area  of  alternate  depres- 
sion and  elevation  which  commenced  as  early  as  the  London 
Clay  period  (for  here  we  find  splendid  teeth  of  Coryphodon^  eta), 
and  is  even  now  continuing.  On  the  clay  lands  of  tlie  early 
Eocene  flourished  the  small  mammalia,  whose  remains  are  embedded 
in  the  Kyson  sands,  much  later  the  MastodoHy  Tapir,  Bhinoceros, 
Hyana  aniiqua,  and  others  appeared  on  the  scene.'    These  were 

^  No  Elephant  occurs  with  the  MaBtodon  in  the  Suffolk  Bone-bed.  The  late  Dx, 
Falconer  was,  I  believe,  misled  on  this  point,  by  epecimens  from  the  Bed  Sands  aboye 
the  Red  Crag. 

'  Dr.  Hugo  Miiller,  whoso  name  is  well  known  among  chemists,  and  who  has  paid 
especial  attention  to  this  subject,  has  kindly  promised  to  communicate  an  article  to  the 
G«>LooxcA.L  MAOAzisfi  upou  tliis  yery  question,  at  a  future  day.— £dit. 
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snooeeded  by  Elqpikm  and  IRppopolamus,  and  by  other  Bbinooe- 
roses,  with  which  perhaps  the  Mastodon  still  lingered  on ;  whilst 
these  again  in  turn  gaye  way  to  yet  other  species  of  Elephant  and 
large  mammalia,  and  to  these  snooeeded  the  historio  fanna.  These 
changes  in  the  terrestrial  fanna  are  thns  briefly  alluded  to,  in  order 
to  draw  the  line  between  them  and  the  changes  of  the  marine  fauna 
aa  indicated  by  the  moUusca,  etc.  It  is  a  fundamental  law  of  distri- 
bution that  contiguous  marine  and  terrestrial  faunae  are  rarely 
similarly  affected  by  the  same  cause.  Hence,  whilst  the  sea  may 
have  undergone  such  changes  as  to  oonyert  its  fauna  from  one  of 
"Miocene"  facies  to  one  of  sub-arctio  fades,  the  same  great 
mammals — all  or  only  some — may  have  continued  to  hold  the  land. 

In  conclusion,  I  have  to  record  a  new  Cetacean  from  the  Suffolk 
Bone-bed,  indicated  by  a  flattened  foliaceous  tooth  with  a  dentate 
margin,  probably  belonging  to  the  genus  SgualodotL  1  have  also 
further  evidence  of  Hyana  antiqwL 


m. — CoNTBiBnnoNS  TO  British  Fossil  Gbustaosa. 

By  Hbnbt  Woodwabd,  F.G.S.,  FJZ.S. 

[PLATE  XIV.] 

J  pTBGOMA  CBETACEA,  H.  Woodw.— In  my  first  Eeport  on 
Fossil  Crustacea  (Brit,  Assoc,  for  the  Advancement  of 
Science,  1865,  Reports,  p.  321),  I  called  attention  to  the  occurrence, 
in  the  Upper  Chalk  of  Norwich,  of  a  sessile  Cirripede  belonging  to 
the  genus  Pyrgoma,  This  unique  example^for  which  I  proposed 
the  name  of  Pyrgoma  cretacea — ^was  discovered  by  Mr.  T.  Q.  Bayfield, 
of  Norwich,  who  forwarded  the  specimen  to  the  British  Museum 
where  I  had  the  good  fortune  to  detect  its  character.  As  no  other 
specimen  of  this  new  species  has  been  met  with,  I  have  thought  it 
advisable  (although  only  an  imperfect  example)  to  place  it  on  record 
in  the  hope  that  better  ones  may  be  found.  It  is  represented  in  the 
accompanying  Plate  XIV.,  Figs.  1  and  2,  of  the  natural  size. 

The  genus  Pyrgoma  was  proposed  by  Leach  (Joum.  de  Physique, 
tome  85,  1817)  for  a  minute  form  of  Balanus  obtained  living,  on  the 
south  coast  of  England  and  Ireland,  Sicily,  Madeira,  St.  Jago,  and 
the  Cape  de  Verde  Islands ;  generally  found  attached  to  the  edge  of 
the  cup  of  a  coral  belonging  to  the  genus  CaryophyUia,  The  shell 
is  formed  of  a  single  piece  ;  the  basis,  cup-formed  or  sub-cylindrical; 
the  scutal  and  tergal  valves  are  articulated  together.^ 

The  only  fossil  species  hitherto  recorded  belonging  to  the  genus 
Pyrgoma^  are  the  Pyrgoma  undata,  of  Michelotti,'  from  the  Miocene 
Tertiary  strata  of  northern  Italy ;  and  the  Pyrgoma  anglieum  (Sowerby), 
from  the  Coralline  Crag  of  Suffolk,  which  Dr.  Darwin  considers  to 
be  identical  with  the  recent  British  species.* 

The  single  fossil  example  we  possess  consists  of  about  two-thirds 

^  Darwin  Foss.  Cirripedia,  Pal.  Soo.  Mon.,  1854,  pp.  36,  36. 
'  Bulletin  Soc.  G^oL,  torn.  ix.  p.  141. 
*  Darwin  Fobb.  Cirripedia,  p.  36. 
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of  the  cironmferenoe  of  {he  oonioal  walLi  of  the  shell ;  tlie  operoolar 
Talves  and  base  being  absent  It  would  be  impossible  to  speak 
poeitiyely  of  such  a  fragment,  weze  it  not  for  the  steeply  oonioal 
form  and  the  roimded  approximate,  radiating  ribs,  which  mark  Hie 
sorfaoe  (PI.  XIV.  Fig.  2a).  Viewed  froia  above  ^e  oost»  are  more 
rounded  and  less  prominent  than  in  the  Pyrgoma  angUewn  (FlaAe 
XIV.  Fig.  3),  from  which  it  also  differs  in  its  larger  size  and  ijbm 
greater  diickness  of  the  shell- walls,  and  the  obJiqnitj  of  liie  oome. 

Diameter  at  base,  4^  lines ;  at  apex,  1^  line ;  height  of  shelly  5 
lines. 

The  ribs  are  crossed,  at  regalar  intervals,  by  well-marked  lines  of 
growth,  forming,  with  the  costaa,  a  reticalated  ornamentation  on  the 
surface  of  the  ^ell-wall,  there  being  seven  rings  of  growth  in  Hie 
space  of  a  line. 

The  shell,  if  perfect,  would  probably  have  displayed  about  twenty- 
five  or  thirty  vertical  costsB,  and  abont  thirty-five  transverse  rings. 
The  interior  of  the  shell  is  smooth,  apid  the  wall  is  nearly  one  line 
in  thickness  near  its  base.  No  sutures  are  visible,  the  parietes 
having,  apparently,  all  coalesced  in  the  adult,  as  is  the  case  with  the 
recent  species  of  Pyrgoma, 

Jd.  Bosquet,  of  Maestricht,  has  already  figured  and  described  a 
species  of  Verrtbca  from  the  Uppermost  Chalk.* 

Dr.  Darwin  has  also  shown  that  the  species  common  to  our  Bed 
and  Coralline  Crag,  and  to  the  Glacial  deposits  of  Scotland,  is 
identical  with  the  living  Verruca  8ir6mia  of  our  British  seas  (Men. 
Fobs.  Cirripedia,  p.  42,  T.  2,  f.  9). 

We  have  now  another  sessile  cirripede,  embracing  the  same  range 
in  time — in  the  case  of  Pyrgoma,  not  parasitic  upon  shells  (like 
Verrvca),  but  fixed  to  the  cup  of  a  coral ;  and  it  is  interesting  to  find 
it  associated  with  the  same  form  of  corals,  both  in  the  Chalk  and  in 
recent  seas ;  serving  as  an  excellent  illustration  of  the  principle,  so 
universal  in  Natural  History,  that  whenever  conditions  are  the  same, 
similar  associations  of  animals  recur,  even  through  periods  of  time, 
far  beyond  our  powers  to  estimate. 

II.  NecrocardnuB  tricarinatuSj  Bell. — In  Professor  Bell's  Mono- 
graph on  the  Crustacea  of  the  Gault  and  Oreensand  (PalsBonto- 
graphical  Soc.  Mon.  1862,  p.  19,)  he  adopts  the  name  NeerocarcvmM 
for  certain  forms  of  Crustacea,  from  the  Chalk-marl  and  Upper 
Greensand,  figured  and  described  by  him,  and  referred  (not,  how- 
ever, without  some  doubt)  to  the  family  of  Carystidc^  To  this 
genus  I  wish  now  to  call  attention,  and  especially  to  the  species 
N,  tricarinatus  (ib.  p.  21).  The  examples  figured  by  Professor  Bell 
are  from  the  Upper  Greensand  of  Cambridge  and  of  Wiltshire. 
**The  margin  of  the  specimen  described,"  writes  the  author,  "is 
much  broken,  so  that  we  are  left  to  speculate  in  some  measure 
upon  the  exact  figure  of  the  carapace ;  but,  following  the  line  in- 
dicated by  the  portions  which  remain  entire,  it  appears  to  be  less 
uniformly  rounded  than  in  NecrocardnuB  Woodwardii. 

^  Yerhandelingcn  Oeolo^he  BescliriJTing  en  Kaart  van  Nederland.  Haarlem, 
1854.  p.  12,  Plate  I.,  fig.  8-16. 
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Having  lately  obtained  from  the  Gault  of  Folkestone  the  beantiM 
crustacean  figured  on  Plate  XIV.  Fig.  4,  I  at  first  inclined  to  con- 
sider it  a  new  species ;  but  after  a  very  careful  comparison  of  it 
with  Professor  Bell's  N,  tricarinatm,  I  am  led  to  conclude  that  it 
is  only  a  more  perfectly  preserved  specimen  of  that  species  than 
has  been  hitherto  met  with.  It  is,  however,  extremely  valuable, 
as  serving  not  only  to  complete  the  necessarily  imperfect  descrip- 
tion of  the  species,  but  also  to  demonstrate  that,  in  all  probability, 
its  affinities  are  with  the  PortunidoBy  and  not  with  the  CorysUda, 
But,  on  this  point,  however,  we  still  need  fuller  evidence  than  that 
to  be  derived  from  the  form  of  the  carapace,  of  which,  as  yet,  only 
the  upper  surface  is  known  to  us. 

Description. — The  specimen  figured  on  our  Plate  measures  If  inch  in  greatest 
breadth,  and  l\  inch  in  length.  The  posterior  marj^in  is  8  lines  in  breadth  and  expands 
with  a  nearly  straight  border  laterally  to  the  epibranchial  spine,  where  it  is  If  inch 
broad.  The  latero-anterior  border  is  rounded  and  is  marked  by  4  spines,  in  addition 
to  the  epibranchial  spine.  The  orbits  haye  two  fissures  in  their  superior  margin.  The 
nuchal  furrow  is  distinctly  marked  |md  is  divided  into  two  branches,  laterally,  en- 
closing the  hepatic  region.  Behind  the  nuchal  farrow  and  separating  the  urogastric 
fropi  the  epicardiac  lobe  is  a  short,  strongly-marked  transverse  cardiac  farrow,  3  lines 
in  length,  which  indents  the  median  ridge  or  carina,  and  is  then  bent  forward  and  out- 
wards for  about  2|  lines. 

in  decorticated  or  water-worn  specimens  (as  in  those  figured  by  Professor  Bell  and 
on  the  right-hand  side  of  the  specimen  figured  in  our  Plate  (Fig.  4),  there  is  a  curved 
Bculptur^  line  between  the  meso-  and  meta-branchial  lobes  strongly  marked  and  re- 
sembling impressed  letters.  A  distinct,  but  not  very  elevated,  carina  follows  the  median 
line,  extending  the  whole  length  of  the  gastric  region,  and  is  only  interrupted  by  the 
cardiac  furrow ;  whil&t  another  less  strongly  marked  granulated  ridge  marks  each 
branchial  region,  extending  longitudinally  on  the  middle  of  the  meta-branchial  lobe. 
The  epigastric  and  protogastric  lobes  are  marked  by  tubercles  of  moderate  size ;  a 
Bomewnat  larger  ana  more  prominent  one  is  seen  on  each  epibranchial,  and  three 
minute  prominences  mark  the  epicardiac  lobe. 

After  a  more  careful  comparison  of  Professor  BelFs  Necrocarcinm 
Bechei  and  N,  Woodwardii  with  N.  trxcarinatus,  one  cannot  but  con- 
clude that  the  two  former  species  are  generically  distinct  from  the 
latter — i,e,,  of  course  assuming  that  it  is  lawful  to  differentiate  a  fossil 
species  of  Crustacean  upon  the  carapace  alone,  without  a  knowledge 
of  the  other  parts. 

The  generic  name  applied  to  the  original  species  described  by 
Deslongchamps  in  1836  (Mem.  Soc.  Linn.  Norm.  V.  p.  40,  t.  1, 
fig.  7-9),  was  Oriihyia  Bechei,  The  generic  name  Orithyia  ought, 
therefore,  to  be  re-habilitated  for  Bechei  and  Woodtoardii,  restricting 
Necrocarcinus  to  the  species  tricarinatus. 

Sir  H.  T.  de  la  Beche  has  figured  an  example  of  Necrocarcinus  tri- 
carinatua  from  near  Lyme  Regis,  Dorset*  (probably  from  the  true 
Gteult).  Professor  Bell  records  and  figures  it  from  the  Upper  Green- 
sand  of  Cambridge  and  Wiltshire:  the  specimen  in  our  plate  is 
from  the  Gault  of  Folkestone.  We  have  thus  evidence  of  its  oc- 
currence in  four  well-marked  British  localities. 

UL  Palinurina  longipes,  Miinst.  [Plate  XIV.  Fig.  5]. — In  Count 
Miinster's  'Beitrage  zur  Petrefactenkunde,  1839,  Bd.  II.  p.  36,  he 
proposed    the  genus  Palinurina  for  certain   species   of    Macroura 

*  Trans.  Geol.  Soc,  2nd  series,  Vol.  I.  pL  iii.  fig.  1|  p.  42. 
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gftying  a  general  reeemblanoe  to  the  reoent  PaUfmnu)  found  In  the 
thograpbio  stone  of  Solenhofen. 

In  a  paper  by*  Mr..  Charles  Moorp,  F.G.S.,  published  in  the 
Proceedings  of  the  Somersetshire  ArchaBological  and  Natural 
History  Society,  vol.  xiii.  (Taunton,  November,  1867),  I  ha^ 
recorded  the  occurrence,  among  many  others,  of  two  species  of 
Palinurina  in  the  Upper  Lias  of  Bminster,  identical  with  those 
occurring  in  the  Solei^ofen  slates  described  by  Miinster — ^namelyy 
Palinurina  pygmma  and  P.  Umgi'peB}  I  have  now  to  record  the  occur- 
rence of  this  last-named  species  in  the  Lower  Lias  of  Lyme  Begis, 
discovered  by  Mr.  E.  C.  H.  Day,  F.G.S.,  late  of  Gharmouth,  and 
now  of  Columbia  College,  New  "York,  U.S. 

Description. — This  elegant  little  Crnstaoean  measnreB  2  inohes  in  lengtii,  irhUst 
the  laige  and  rigid  antenma  are  of  equal  extent  irith  the  entire  body.  The  antiB- 
nnlet,  not  clearly  seen  in  the  ipecimen  ^fig.  6b,)  are  8  linn  in  length,  and  are  diridad 
aboTe  the  third  joint  into  two  multi-articnUite  aete  of  m^ual  lenfftn ;  the  outer  pair  of 
antenn»  have  three  large  and  scabroua  basal  joints,  1  line  in  breadth,  and  1^  in  leoftht 
succeeded  by  stout  multiardculate  setss  20  linea  in  length,  a^arently  but  httla 
flexible,  as  they  are  always  found  lying  nearly  in  a  straight  line. 

The  late  Dr.  Oppel  has  pointed  out  that  toe  articoli  of  the  antemus  in  the  Solen- 
hofen specimens  are  firinged  with  very  minute  hairs  :*  these  cannot,  of  ooune^  be  ds« 
tected  in  our  Lias  example.  The  five  pairs  of  thoraoic  limbs  are  all  monodactylons, 
the  first  pair  beine  the  stoutest  and  somewhat  shorter  than  the  suoceedinff :  they  are 
an  scabrous  like  the  bases  of  the  antennas.  The  sur&ct  of  the  carapace  ana  abdomnial 
segments  is  finely  granulated,  the  former  baring  a  row  of  ratiier  larger  grannleB  ar- 
ranged in  pairs  down  its  centre.  The  abdominal  segments  decrease  slightly  towards 
the  tclsoD,  the  first  being  4  lines  and  the  fifth  3  lines  in  breadth,  by  rather  more  than 
a  line  in  length.  The  tail-plates,  which  were  broad  and  well  adapted  for  swimming, 
are  but  imperfectly  preserred  in  any  of  the  specimens  I  haye  examined. 

Within  the  past  few  years  an  extremely  large  number  of  Crustacea 
have  been  met  with  in  our  Lias,  common  also  to  the  Solenhofen 
stone  :  as  many  as  seven  genera  and  eight  species  beiug  apparently 
found  in  both. 

The  persistence  of  such  forms  as  Eryon,  Eryma,  OlyphcBOy  and 
Palinurina  through  the  whole  Oolitic  series,  seems  clearly  to  de- 
monstrate that  having  escaped  total  extinction  in  the  Lower  Lias 
sea,  they  migrated  from  time  to  time  to  more  favourable  areas,  and 
thus  were  enabled  to  live  on  during  the  periods  of  time  represented 
by  the  long  series  of  deposits,  from  the  Lower  Lias  to  the  Litho- 
graphic stone,  in  which  so  many  are  found  fossiL' 

EXPLANATION  OF  PLATE  XIV. 

FiQ.  1.    Pyrgoma  eretaeta^  H.  Woodw.,  Upper  Chalk,  Norwich  (exterior  tiew) 
natural  size. 
„    2.    Fyrgoma  cretaeea,  interior  yiew  of  the  same ;  natural  sine. 
„    2a.       „  „         portion  of  the  shell,  much  enlarged,  to  show  costae. 

„    3.    Pj/fffoma  anglieum^  8by.  (greatly  magnified  Tiew),  Cor.  Crag,  Suffolk. 
„     4.     Neerocareinut  triearinatus.  Bell,  sp.  Gault,  Folkestone ;  nat.  siae. 
„     6.    PaiinuritM  longipes,  Munst.,  Lower  Lias,  Lyme  Begis;  nat.  sise. 
„     6a.  Portion  of  one  of  the  antenna  mac^ified  f  (after  Oppel). 
„     6b.  One  of  antennules  ma^ified  J  (after  O^pel^. 

The  above  specimens  are  all  preserred  in  tne  British  Museum. 

^  See  also  British  Association  Report  for  1867,  Third  Bepor  on  the  Structure  and 
Classification  of  the  Fossil  Crustacea. 

2  See  Oppel's  Palsontologiscbe  Mittheilungen,  etc.,  Stuttgardt,  1652,  p.  86, 
Taf.  24,  fig.  lb. ;  see  also  our  Plate  XIV.,  fig.  6a. 

'  See  Brit.  Assoc.  Bcport  on  Foss.  Crustacea,  1867.  p.  46. 
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rV. — On  the  Deposits  op  Phosphate  of  Lime  beoentlt  dis- 
covered IN  Nassau,  Nobth  Germany. 

By  D.  C.  Daties,  Oswestry. 

THE  little  duchy  of  Nassau,  so  recently  annexed  to  the  kingdom 
of  Prussia,  has  long  been  famous  for  its  mineral  wealth.  It 
yields  yearly  about  350,000  tons  of  iron  ore,  principally  Hematite, 
and  about  half  that  quantity  of  Manganese.  Of  its  natural  mineral 
water  from  Seltzers  it  exports  above  a  million  bottles  annually.  In 
its  north-western  comer  are  the  Brown-Coal  deposits  of  the  Wester- 
wald ;  and  to  these  sources  of  wealth  must  now  be  added  more 
valuable  and  extensive  deposits  of  phosphate  of  lime,  which,  though 
not  long  since  discovered,  have  already  attracted  the  attention  of  the 
leading  agricultural  chemists  of  this  country.  This  discovery  has 
its  scientific  attractions,  as  well  as  its  commercial  advantages ;  and, 
as  I  have  lately  had  an  opportxmity  of  examining  these  deposits  in 
detail,  it  may  be  of  interest  to  the  reader,  if  I  record  a  few  par- 
ticulars concerning  them. 

The  principal  phosphoritio  deposits  of  Nassau  occupy  an  irregular 
area,  bounded  on  the  north-east  by  the  town  of  Weilburg,  on  the 
north-west  by  the  Westerwald,  on  the  east  by  the  Taunus  Moun- 
tains, and  on  the  south  by  the  town  of  Dietz.  South  of  this  point, 
as  well  as  north-east  of  Weilburg,  there  are  traces  of  the  occurrence 
of  the  deposit ;  but,  from  the  nature  of  the  underlying  rock,  they 
will,  I  think,  be  found  limited  in  their  extent  Inside  the  eastern 
and  southern  boundaries  of  this  district  flows  the  river  Lahn,  which 
is  made  use  of  at  various  points  along  its  course  for  the  purpose  of 
washing  the  Phosphorite  from  its  surrounding  clay,  as  well  as  for  the 
carriage  of  the  washed  material  to  the  junction  of  this  river  with 
the  Rhine  at  Oberlahnstein.  The  basement  rock  of  this  district  is 
porphyry,  varying  in  colour  from  dark  to  light  gray  and  green  ;  the 
green  is  thickly  studded  with  cavities,  containing  calcareous  matter, 
which,  after  long  exposure  to  the  atmosphere,  decomposes  and  dis- 
appears. Upon  this  rock,  in  its  many  varieties,  rests  a  succession  of 
slaty  and  shaly  beds  (schiverstein)  which  are  greatly  contorted  and 
twisted ;  these  again  are  overlaid  by  a  great  thickness  of  dark  red 
sandstone  beds,  which,  in  places,  contain  deposits  of  Hematite. 
Over  a  large  portion  of  the  district  these  rocks  are  capped  uncon- 
formably  by  a  thick  deposit  of  massive  limestone  (Dolomite),  which 
ranges  in  colour  from  bluish  gray  to  pink  and  bluish  white.  It  is 
resting  upon  this  limestone  that  the  Phosphatic  deposit  is  found; 
the  whole  series  being  crowned  with  a  covering  of  brown  clay  (Tohn) 
which  sometimes  assumes  a  shaly  appearance,  and  which  also,  in  its 
upper  portion,  occasionally  contains  numerous  fragments  of  the 
adjacent  rocks. 

These  rocks  have,  by  German  geologists,  been  referred  to  the 
Devonian  Group,  an  opinion  which  is  strengthened  by  the  similarity 
of  the  contour  of  the  land  to  that  of  Devonshire.  Some  have 
even  ventured  to  assign  to  each  rock  its  exact  place  in  the  Devonian 
series ;  but  the  difficulty  of  co-ordinating  these  rocks  with  those  of 


Dana—Pho^haHe  Deponta  w  Kaaiau. 

jnrtictilar  gronpa  or  gnbdiviiions  in  EnglaDd  is  in- 
ca-eased  by  tlie  entire  abeenoe  of  fiMsils ;  the  onl;  trace 
of  one,  observed  by  myeelt  being  an  ill-preserved 
fragment  of  coral  in  tbe  red  sandstone  beds  under  the 
limestone. 

The  general  appearance  of  the  ooimtry  is  uiat  of  a 

huge  npland   plaui,  with  gentle  nndnlations,  oat  of 

■which  protrude,  here  and  there,  as  the  bone  work  of 

the  oountry,  great  poiphyritio  maases,  like  Hie  rooks 

FHoiFHATra  DROStn  or  Nuuv. 


i.  Limnuuie  DuJomlle.  i 

y  D>po«I  of  Phopluta  of  Lima  (Pboiptuiiltc).  | 

B.  Clir  (TohoJ. 

of  Weilburg,  Merenbei^,  and  Hof  Beslich.  This  op-  "■ 
land  plain  ie  also  intersected  by  the  valleys  of  the  Lahn 
and  its  tributaries ;  but  as  you  look  ooraas  it  from  a 
Bufficicntly  elevated  point,  these  valleys  are  scarcely 
discernible,  so  sharply  for  tho  most  part  are  they  dix- 
rupted  in  the  older  rocks,  or  worn  in  the  newer  de- 
posits. This  smoothness  of  appearance  is  greatly 
helped  by  the  way  in  which  the  inequalities  in  the 
older  rocks  are  filled  up  by  the  deposit  of  Phosphorite 
and  clay  ;  but  when  we  probe  tlirough  this  exterior  pad- 
ding, the  inequalities  in  the  surface  of  the  rock  became 
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very  apparent,  and  present  indications  of  having  originated,  fint, 
with  dislocations  of  the  strata  before  the  phosphate  of  limo  was 
deposited  (Fig.  2),  and,  secondly,  with  long  continued  aqneons  and 
atmospheric  agencies ;  the  first  by  means  of  currents  scooping  out 
grooves  and  miniature  valleys,  or  by  chemical  action  where  the 
water  lay  still,  wearing  hollows  in  the  limestone,  and  the  latter 
slowly  rounding  the  exposed  edges  of  the  beds  (Fig.  3). 

The  deposit  occurs  in  the  form  of  concretions,  imbedded  in  a 
matrix  of  clay ;  these  concretions  are  most  irregular  in  their  shape, 
and  vary  iu  dimensions  from  the  size  of  an  apple  to  masses  weigh- 
ing two  or  three  tons.  It  would  also  seem  as  if  the  original 
concretions  had,  subsequently  to  their  formation,  been  subjected  to  a 
good  deal  of  attrition:  this  is  indicated  by  the  preponderance  of 
small  fragments,  decreasing  in  size  down  to  that  of  grains  of  sand. 
Where  the  deposit  assumes  this  form  it  is  known  locally  as 
Washstein. 

Besides  this  deposit  of  phosphate  of  lime  resting  upon  the  older 
rocks  there  are  also  deposits  of  Hematite  and  Manganese,  which 
occur  in  just  the  same  position,  filling  up  the  inequalities  of  the 
limestone.  As  far,  however,  as  my  observation  went,  these  deposits 
are  found  in  bulk  around  the  outer  margin  of  the  phosphatio  area. 
Smaller  portions  of  these,  however,  either  held  in  solution  by  the 
water  in  which  all  were  deposited,  or  redistributed  by  currents, 
have  become  mixed  up  with  the  phosphorite  (Fig.  3),  and  have  also, 
in  places,  so  permeated  the  latter  as  to  reduce  its  per  centage  of 
phosphate  of  lime  so  low  that  its  commercial  value  is  considerably 
lessened.  The  Manganese  and  Hematite  are  also  found  in  separate 
deposits  within  the  phosphatio  area. 

Along  the  northern  boundary,  where  the  deposits  border  on  the 
development  of  the  older  rocks,  we  find  the  greatest  admixture  of 
these  extraneous  matters,  and  the  per  centage  of  phosphate  of  lime 
ranging  below  sixty  per  cent;  but  southward,  towards  Limburg, 
the  deposit  improves  in  quality,  containing,  in  places,  as  much  as 
ninety-two  per  cent,  of  phosphate  of  lime,  and  assuming  the  crystal- 
line form  of  Apatite. 

As  might  be  expected  from  the  mode  of  its  occurrence,  the 
deposit  is  most  irregular  in  thickness,  varying,  even  in  the  same 
mine,  from  six  inches  to  as  many  feet.  It  appears  to  attain  its 
greatest  continuous  thickness  on  a  line  ranging  north-east  and 
south-west,  and  thins  out  gradually  to  the  north-west  and  south- 
east. To  the  north-west  and  west,  the  brown  clay  also  becomes 
thinner,  and  is  found  covered  with  splintery  gravel  (Qaartzgeschiebe), 
the  detritus  of  neighbouring  rocks.  Hitherto  the  discoveries  of 
phosphorite  have  been  made  only  where  limestone  is  the  underlying 
rock.  With  the  limestone,  generally  speaking,  it  appears  to  be  co- 
extensive, its  presence  or  absence,  however,  in  particular  places, 
will  depend  upon  the  presence  or  absence  of  deposits  of  iron  ore  or 
Manganese,  as  well  as  the  possibility  of  its  having  suffered  denu- 
dation in  exposed  places  since  its  deposition. 

To  the  enquiry,  whence  came  such  an  amount  of  phosphatic 
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niattor,  aeveial  anfiwers  liave  been  given.  It  has  been  snppoeed  fo 
be  derived  f^m  immense  shoals  of  fish  and  other  organisms,  whidi 
crowded  the  shallows  of  this  limestone  sea,  and  whose  remains  were 
depoaited  in  holloivs  and  orevioes  of  the  rook.  It  has  also  been 
aogeested  that  the  phosphorite  owes  its  origin  to  the  action  of  cat- 
boiiio  acid  water"  spring^,  bringing  up  phosphoric  acid,  or  phosphate 
id  aolfition  from  the  older  strata  below;  and,  jet  again,  that  the 
phosphate  was  dissolved  out  of  the  porphyritic  rooks  on  the  surface 
by  the  action  of  carbonio  add  water ;  and  that  the  absence  of  fosedls 
from  the  deposit  clearly  shows  that  it  is  not  composed  of  the 
remains  of  organic  life  deposited  upon  the  sea  bed. 

In  considering  these  suggestions  it  wLU,  I  think,  be  evident  that 
the  phosphatic  matter  was,  in  either  case,  derived  originally  from 
the  older  rooks,  either  by  the  action  of  springs  from  below,  or  by  the 
decomposition  of  rocks  on  the  surface;  for  we  have  already  seen 
how  full  of  calcareous  matter,  in  some  shape  or  another,  some  of 
those  older  rocks  are,  and  that  they  bear  traces  also  of  a  considerable 
amount  of  decomposition.  Then  the  matter  might  also  be  derived 
largiely  second  hand  from  the  remains  of  former  organic  life  de- 
posited in  the  neighbouring  subjacent  rocks.  The  question  then 
which  remains  to  be  decided  is,  whether  this  matter  derived  from 
the  older  rocks  in  various  ways,  and  held  in  solution  by  the  water, 
was  deposited  pure  and  simple,  or  whether  it  was  not  taken  up  first 
into  organic  forms,  and  afterwards  deposited  as  the  remains  of  these 
upon  the  ocean  floor  ?  No  fossils  are  found  in  the  deposit,  but  it  is 
possible,  it  may  be  even  probable,  that,  if  there  had  been  organic 
life,  the  structure  of  its  remains  would  become  destroyed  by  chemi- 
cal action,  just  as  I  have  elsewhere  shown  that  tiio  distinctive 
structure  of  the  organic  remains,  which  so  largely  compose  the  bed 
of  phosphate  of  lime  which  occurs  in  the  Bala  limestone  of  North 
Wales,  has  been  almost  completely  destroyed.^  Indeed,  such  a  sup- 
position appears  to  me  more  reasonable  than  that  of  a  lifeless  sea 
resting  upon  a  limestone  bed.  Without  saying  therefore  that  all 
the  phosphate  of  lime  derived  £rom  the  older  rocks  was  absorbed 
into  organic  life  we  may  suppose  that  there  was  life  in  the  sea  of 
that  period,  and  that,  in  some  measure,  these  phosphatic  deposits  are 
the  remains  of  that  life. 

To  what  geologic  period  do  these  deposits  belong  ?  Two  answers 
have  been  given  to  this  question ;  the  one  refers  them  to  the  age  of 
the  Lower  Devonian  beds,  and  regards  them  as  the  remains  of 
Devonian  fishes ;  and  the  other  assigns  to  them  a  Tertiary  date. 
The  latter  supposition  is,  I  think,  the  one  most  in  accordanoe  with 
the  general  features  of  the  deposit.  For,  an  immense  period  must 
have  elapsed  after  the  deposition  of  the  limestone  to  admit  of  the 
extensive  denudation  of  the  suriace,  often  through  unbroken  strata, 
which  took  place  before  the  phosphorite  began  to  be  deposited;  a 
period  of  sufficient  length,  as  it  appears  to  me,  to  bring  the  depo- 
sition down  to  a  much  later  period  than  that  of  the  Devonian. 
And  then  if  we  consider  the  comparative  softness  of  the  deposit  and 
>  Geological  Magazinb,  1867.  Vol.  lY.,  p.  251. 
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its  OTerlying  clay,  with  the  fact  that,  together,  they  do  not  attain  a 
maximum  thickness  of  eighty  feet — oftener  less  than  forty — ^we 
shall  see  how  improbable  it  is  that  snch  deposits  could  resist  all  the 
geological  changes,  with  their  disturbing,  abrading,  denuding  forces, 
from.  Devonian  times  until  now.  In  the  manner  of  its  occurrence, 
as  well  as  in  its  stratigraphical  position,  the  deposit  appears  to  me 
to  be  analogous  to  the  deposits  of  white  <2lay,  which  Mr.  Maw  has 
recently  described  as  lying  in  pockets  and  hollows  of  the  carboni- 
ferous limestone  of  North  Wales,  just  below  the  mass  of  sands, 
gravels,  and  clays  of  the  Glacial  epoch.^  To  that  epoch  I  think  the 
clay  and  gravel  overlying  the  Nassau  phosphorite  must  be  referred, 
and  from  the  way  in  which  this  deposit  is  interlaced,  dovetailed  and 
mingled  with  the  lower  portion  of  the  day,  I  am  led  to  regard  it  as 
a  Tertiary  deposit,  whose  formation  immediately  preceded  the 
somewhat  indefinite  period  which  we  term  Glacial. 

It  may  be  interesting  to  note  that  the  absence  of  boulders  of  any 
considerable  size,  either  foreign  or  local,  from  the  clays  and  gravels 
of  Nassau  appear  to  confirm  the  opinion  of  the  late  Edward  Forbes, 
that,  at  a  point  not  far  south  of  England,  the  severe  climate  of  the 
north  passed  rapidly,  even  during  the  Glacial  epoch,  into  one  much 
warmer. 

The  discovery  of  large  stores  of  the  raw  material  at  a  time  when 
superphosphates  of  lime  are  so  largely  in  demand  for  agricultural 
purposes,  must  be  of  great  importance,  and  already  considerable 
quantities  of  the  Nassau  phosphorite  have  been  shipped  to  this  country 
JOT  use  in  the  manufacture  of  artificial  manures, — if,  indeed,  it  be 
true  that  the  lapse  of  time  makes  that  artificial,  which  was  as 
natural  in  its  origin  as  the  phosphates  of  yesterday. 


V. — Kitchen  Midden  on  Omey  Island,  Co.  Galwat. 
By  H.  Leonard,  F.R.G.S.I.,  of  the  Geological  Surrey  of  Ireland. 

OMEY  is  a  half- tide  island  off  the  coast  of  Galway.  It  is  chiefly 
a  Porphyritic  Granite  rock,  on  the  north-west  portion  of  which 
are  wind-blown  sands  that  are  for  ever  changing  their  positions,  the 
houses  of  the  inhabitants  being  covered  to  such  an  extent  by  them, 
that,  in  order  to  reach  the  interior,  they  are  compelled  to  descend 
through  holes,  like  large  rabbit-burrows.  The  oldest  record  we 
have  in  connection  with  the  island  is,  that  St.  Fechin  built  an 
Abbey  there  previous  to  a.d.  664.  This  abbey  is  said  to  be  buried 
in  the  sands,  but  its  exact  site  cannot  be  pointed  out;  however, 
there  is  a  supposed  fifteenth-century  church,  that  is  now  sunk 
12  feet  deep  in  the  sand. 

The  KUchen-Midden  or  shell-heap  (the  subject  of  this  paper)  is 
situated  on  the  south  shore  of  a  small  bay,  which  indents  the  western 
shore  of  the  island ;  and  opposite  to  which,  on  the  north  shore,  is  a 
very  ancient  well,  dedicated  to  St  Fechin.     The  shell-heap  is  50 

'  Geological  Maqazinb,  1867.   YoL  lY.,  pp.  241  and  299. 
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yards  loi^,  by  20  yards  wide,  and  presents  at  the  sea-cliff  the  fol- 
lowing section : —  i^      uua.^ 

6.  Sandy  soil...        ...        ...        •••        ...        ...  0  3 

4.  Bed  of  shelli,  calcined  bonlden  with  pieoee  of 

charcoal,  bones,  etc *   ...  8  0 

8.  Brown  sand         0  11 

2.  Dark  sandy  soil,  containing  some  FaUUa  vulgata  0  5 

1.  Fine  white  shell  sand      9  0 

The  principal  shells  composing  it  are  : — 

PafeUavulgata^  Wm^i         abont  *5 

Litorina  lUorea,  periwinkle „  *8 

OardiwH  eduU,  cockle  „  *2 

which  are  in  about  the  proportions  mailed  to  eadi ;  "  razor-shells  " 
{SoUn  siliqua)  were  also  observed,  besides  bones  of  sheep,  pigs,  and 
fowl ;  there  were  also  traces  of  fires,  consisting  of  ashes,  burnt  stone^ 
bones,  and  shells.  At  the  present  day  the  sea-weed  gatherers  may 
be  seen  cooking  shell-fish,  by  placing  them  on  a  stone  that  they  had 
previously  heated  to  redness  in  a  fire ;  and  many  of  the  stones  here 
found  may  have  been  similarly  used,  as  they  are  usually  flattiahy 
roundish  boulders  from  four  to  seven  inches  in  diameter. 

The  Midden  appears  to  have  extended  further  seaward,  as  now  the 
deepest  part  is  at  the  cliff,  from  which  it  gradually  gets  shallower, 
till  it  reaches  its  southern  limits.  As  no  implements  of  any  kind 
were  found  here,  the  age  of  this  shell-mound  cannot  be  easily  esti- 
mated. It  may,  perhaps,  be  of  a  comparatively  recent  origin,  and 
in  some  way  connected  with  the  holy  well  previously  mentioned, 
which  is  supposed  to  have  miraculous  properties,  and  is  still  visited 
by  the  credulous,  who  remain  in  its  neighbourhood  all  night,  while 
''  performing  their  stations  '*  at  it.  A  little  north  of  this  heap  and 
east  of  the  holy  well,  is  a  thin  surface  heap  of  PaUUa  vtUgata  and 
Solen  siliqua^  with  bones,  etc.,  many  of  the  latter  are  broken,  seem- 
ingly to  obtain  the  marrow. 

My  colleague,  G.  H.  Einahan,  M.B.LA.,  writing  on  this  subject, 
says  as  follows : —  *'  I  have  remarked  many  diell-heaps  or 
Kitchen-Middens  near  the  shores  of  Galway  Bay,  some  of 
which  may  be  ancient,  while  others  are  undoubtedly  modem. 
Those  on  tho  headlands,  enclosing  the  different  small  bays  to 
the  east  and  south,  are  nearly  altogether  of  Osirea  eduU$, — ^how- 
ever, there  is  one  at  the  east  end  of  Lough  Atalia,  formed  altogether 
of  Mytilus  eduliSj  but  this  is  quite  modem  only  now  being  formed 
by  the  inhabitants  of  the  east  suburbs  of  Gklway.  The  largest  of 
the  oyster-heaps  seems  to  be  that  of  Greggauns,  the  headland  next 
south  of  that  of  Ardfry,  the  seat  of  the  Lords  Wallscourt  This 
heap  is  now  only  210  feet  long,  70  feet  in  its  widest  part,  and 
about  8  feet  deep,  its  base  being  two  feet  below  high-water-mark 
of  mean  spring  tides;  the  principal  shells  in  it  are  those  of  the 
Ostrea  edulis,  but  in  places  there  are  quantities  of  Mytilua  edulU, 
others  also  occur  but  none  in  remarkable  quantities.  An  excavation 
was  made  partly  across  this  heap  by  Dr.  Buckland  and  myself, 
without  finding  any  implements;  but  on  the  shore  among  the  shells, 
were  picked  up  two  flake-like  implements  made  of  hard  limestone. 
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These  s^m  to  have  been  kmTea  for  flaying  animals,  but  as  stone 
knives  have  to  a  very  recent  period  been  used  on  the  Islands  of  Arran 
for  similar  purposes,  these  cannot  be  relied  on  to  prove  the  antiquity 
the  Midden,  more  especially  as  there  is  a  tradition  that  formerly  the 
oysters  were  shelled  at  stations  along  this  coast,  previous  to  being 
preserved  for  foreign  consumption ;  and  what  gives  a  colour  to 
this  tradition  is,  that  in  the  neighbourhood  of  the  Kenmare  Biver, 
the  same  tradition  is  found  in  reference  to  the  heaps  of  oyster-sheUs 
which  occur  there  also.  If  this  is  the  true  history  of  these  heaps, 
might  not  the  ashes  found  in  such  quantities  among  the  shells  be 
the  remains  of  the  fires  used  in  the  preserving  process. 

On  the  islands  near  the  entrance  to  the  Bay,  the  principal  shells 
in  the  heaps  are  PaieUa  vulgata  and  Liiorina  Uiorea,  On  Gorumna, 
in  the  vicinity  of  the  church  called  Ballynakill  Abbey,  there  is  a  lai^ 
heap  composed  of  these  shells,  with  some  bones  of  the  oow,  sheep, 
pig,  etc.,  and  on  the  east  shore  of  Oreatman's  Bay  there  is  a  remark- 
able Midden  50  feet  in  diameter,  15  feet  high,  and  forming  a  flat-topped 
hillock,  composed  seemingly  entirely  of  the  shells  of  tibe  limpet  and 
perivmikle.  On  the  Arran  islands,  heaps  are  very  numerous,  some  near 
the  old  Pagan,  and  more  near  the  early  Chrislian  dwellings,  while 
others  ore  in  the  vicinity  of  what  may  have  been,  comparatively 
speaking,  modem  erections;  among  the  latter,  being  one  on  the 
middle  island,  in  which  a  coin  with  the  date  1610  was  ft>und,  among 
the  more  ancient,  may  be  those  near  Dubhcaher  {anglice  black  city), 
supposed  to  be  the  oldest  settlement  on  the  islands,  and  to  have  been 
inhabited  previous  to  the  Christian  era ;  but  what  is  probably  the 
most  smcient,  is  one  lately  discovered  by  the  Kev.  W.  Kilbride, 
Yioar  of  the  Island,  which  has  been  buried  for  ages  under  the  sand- 
hill on  the  south  of  Eillany  Bay — as  I  have  not  seen  this,  I  cannot 
give  you  any  information  about  it." 

From  this  it  will  be  seen  that  the  heaps  are  probably  of  all  ages, 
some  being  of  modem  construction — more  of  medieval  c^ije — while 
others  may  be  very  ancient.  In  favour  of  the  last  supposition,  it 
may  be  mentioned  that  W.  Harte,  Esq.,  F.E.G-.S.I.,  has  explored  and 
described  various  very  similar  Kitchen-Middens  on  the  coast  of 
Donegal,  in  which  the  only  implements  found  were  made  of  stone. 
(See  DfMin  Quarterly  Journal  of  Science^  Vol.  IV.^  p,  189  ei  seq.). 


VI. — Notes  oy  Cretaobous  Brachiopoda  and  on  th«  Dsvxlop- 

HSNT   OF   THB   LoOP   AND    SbPTUM   IN   TSREBBATSXiLA. 

By  C.  J*.  A.  Meyes,  Esa. 

IN  a  paper  on  "Cretaceous  Brachiopoda,"  published  in  the  first 
volume  of  the  Geological  Magazine^  page  249,  I  noticed  the 
occurrence  of  a  species  of  Waidheimia  in  the  Lower  Greensand  of 
Surrey,  under  the  name  of  Waidheimia  Moutoniana,  which  at  the 
time  appeared  to  me  to  answer  to  the  figure  and  description  of 
Terebrattila  Moutoniana  of  D'Orbigny. 
.  The  identification  of  this  i^ieoies  has  been,  however^  severely 
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ontioifled  fay  I^.  Scbloenfaadh,'  of  Silagitter  (BjmowrY  in4io  ^Mm 
that  D'Orbigny's  JMbnshda  M^vAomama  poflseaaeB  the  idioit  loep 
of  a  true  Terebralyki. 

Booh  h^D%  the  oaee  the  so-ealled  <<  TFoUWiumi  JEmtoiitaaa*' 
figuied  by  Mr.  K  Bay  Laokesfcer  in  fhe  ^'GeologitV  toL  tL, 
pi.  zzLy  ngs.  1-4,  axid  subeequ^tly  by  myself  in  l£e  GneoLOaiaAL 
MAOAZDn  (Vol.  L>  PL  XTT.,  Figs.  12-14),  beoomee  a  new  qMoies, 
for  whiob  I  suggest  the  name  of  WiMMmia  Marritii. 

I  append  the  following  description : — 

Waldheimia  Morrmi,  sp.  noY.  (Gsoii.  Kag.,  Vol.  L,  PL  XTT., 
KgB.12-14).» 

ShaVL  otftte  or  oUoof-oyate,  tliglitly'tapariiig  towirds  HbB  beak.  YfJToi  omlivi, 
deqiMt  towtrds  the  poeterior  portion  of  tho  ahell.  Beak  slightij  inonrfeil  and 
tnmcated  hj  a  moderately  naed  foramen.  Beak-ridges  shaiply  defined,  prodaoing  a 
iliglitly  flattened  liinge-area.  Foremen  lemiefaroQlar  abore,  pointed  belov  where 
eoapMted  bj  the  two,  almost  triangnlar,  phitea  of  the  deltidinm.  Larger  Tahe 
ahaoat  regntaiiy  oonTex,  more  abrnpttr  ao  near  ^a  beak.  Donal  Talfe  kaa  a^inlly 
oonTez,  mnch  aepressed  at  the  lidai,  eurated  in  fronti  and  aometimee  exhibiting  a 
narrow  longitudinal  depreeeion  near  the  frontal  margin  of  the  shell,  as  in  IVm^mMi 
oMite,  Sow.  Loop  mnch  elongated,  extencSne  to  near  the  front  of  Jha  shell  before 
beeomisg  vefleeteo.    Septum  short  and  but  wghtlr  elefated. 

Length  10,  width  7,  iepQi  4),  lines. 

This  R>eeieB  differs  from  WalikBuma  eMea,  Morris,  in  €tie  oom-: 
parati've  breadth  of  the  tsItos,  and  still  more  conBpi0aoiiBly  in  die 
curvature  of  the  shell-margin,  whidi  in  Wdi.  eeliiea  is  always 
nearly  straight 

From  Waldheimia  iamariadtu,  Sow.,  its  nearest 
aUy  in  the  Greenssnd  of  Shanklin,  it  differs  not 
only  in  the  size  and  proportion  of  its  valves,  but 
also  in  the  shape  of  the  reflected  portion  of  the 
loop. 

From  certain  peculiarities  observable  in  the 
loop  of  WaMheima  tamarindua,  Sow.,  Ihr.  Schlo- 
enbach  proposes  (in  the  paper  above  referred  to) 
to  place  that  species  under  the  section  MegerUa^  Xoopofaadidfpedmaior 
King.  Yet  after  a  long  and  careful  examination  wSkk.tmmmri9^mtfiow. 
of  the  interiors  of  a  considerate  number  of  specimens  of  Waldh- 
laMarmdtif,  I  am  enable  to  perceive  that  its  loop  ever  approachaa 
eufficientiy  to  that  of  a  MegerUa,  to  warrant  tiie  removal  of  the  speoiea 
out  of  the  section  in  which  it  has  been  placed  by  Davidson. 

The  arrangement  of  the  loop  and  septum  of  Waldh,  tamariniM  (as 

seen  in  examples  from  the  Lower  Qreensand  of  Shanklin),  may  be 

described  as  follows  : — 

Loop  elongated  and  reconred.  The  produoed  portions  (lamelles  ascendantes.  Sue. 
Desl.)  extend  (both  in  young  and  old  examples)  to  rery  near  the  front  of  the  shell 
before  becoming  reflected.  The  reflected  portions  (kmelles  recurrentes)  return  back 
to  about  the  middle  of  the  shell,  and  form  an  arcbea  or  rounded  loop,  not  unlike  the 
aame  portion  of  the  loop  in  the  recent  Waldhnmia  «rffiin<iii.— Miiller. 

In  old  specimens  certain  spinose  projections  occasionally  make 
their  appearance  on  the  sides  and  on  the  extreme  fhmt  of  the  loop^ 

^  Zeitschr.  d.  deutschen  geologischen  Geeellschaft,  1866. 

*  The  numbering  of  Plates  Xi.  and  XII.  in  Vol  I.  of  the  Gxoi.  Mao.  was  acoip 
dentallj  rereaed  by  the  engraTer. 
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as  in  Terebraiula  retvpinaia.  Sow., — and  these,  by  projecting  side- 
ways or  towards  the  edges  of  the  shell,  giye  the  loop  a  somewhat 
tmasaal  appearance.     See  fig.  ante  p.  269. 

The  septom  of  Waldh,  tamarinduSy  except  in  yonng  examples,  is 
short  and  but  little  elevated,  and  remains  always  unattached  to  the 
loop.  The  inner  surface  of  the  shell  is  smooth,  and  never  spmose, 
as  in  Megerlia  Uma,  Dav.,  and  in  the  recent  M.  truncatay  6mel. 

In  this  description  there  is  nothing  to  suggest  the  doable  (?) 
attachment  of  the  loop  to  the  septum,  which  forms  so  marked  a 
feature  in  the  section  Megerlia.  But  Dr.  Schloenbach,  if  I  nnder- 
stand  him  aright,  has  applied  to  the  section  MegerlicL,  the  theory  of 
development  of  the  loop  and  septum,  which  was  (some  years  since) 
suggested  by 'Mr.  Chas.  Moore  as  applicable  to  the  genus  "  Terehra- 
tella,**  D'Orb.  ((Geologist,  vol.  iii.,  pi.  xiii.,  '•'  On  the  development  of 
the  loop  in  TerehrateUd").  And  the  question  whether  WcUdh. 
tamarindtis  is  or  is  not  a  Megerlia  depends  therefore  mainly  an  the 
real  mode  of  development  of  its  loop  and  septum. 

In  the  figures  given  by  Mr.  C.  Moore  (see  Gfeologist,  vol.  iU., 
pL  xiii.,  figs.  1-4)  representing  several  stages  in  the  development  of 
the  loop  in  the  genus  TerehraieUa,  the  loop  is  represented  as  being 
free  or  unattached  to  the  septum  in  the  three  first  stages  of  its 
growth,  and  attached  only  in  the  fourth  or  complete  state.  The 
septom— in  the  same  figures — ^is  also  apparently  absent  or  mn- 
developed  in  the  earlier  stages  in  the  growth  of  the  loop. 

But  this  description,  in  so  far  as  regards  the  absence  of  the  septmn 
and  the/rc«  condition  of  the  loop  in  its  earlier  stages,  is  so  entirely 
at  variance  with  my  own  observations  amongst  the  Cretaceous  species 
of  Waldheimia  and  Terehratdla,  that  I  cannot  but  suspect  some  error 
of  observation  or  delineation  in  the  examples  figured,  arising 
perhaps  from  the  minuteness  of  the  specimens  from  which  Mr.  C. 
Moore's  figures  were  obtained. 

Now  I  have  mostly  observed  that  the  septum  in  the  sectiom 
Waldheimiay  TerebrateUaf  and  Megerlia,  is  comparatively  much  longer 
and  more  largely  developed  in  the  extreme  young  and  half  grown, 
than  in  the  adult  shell, — as  for  instance  in  Megerlia  lima  and  Tere^ 
hrateUa  Menardi,  and  that  it  even  reaches  in  sovae  cases  tiie  whole 
length  of  the  smaller  valve,  as  in  some  half-grown  examples  of 
Terebratella  trifida  now  before  me. 

From  these  and  many  other  examples  which  I  could  mention,  it 
would  appear  that  the  growth  of  the  septum  is  at  first  strictly  co- 
extensive with  the  growth  of  the  shell  until  the  former  has  attained 
to  nearly  its  greatest  length,  and  that  it  increases  afterwards  only 
in  height  and  thickness.  And  further  that  a  septum  is  seldom  if 
ever  produced  for  the  first  time  in  a  full-grown  shell. 

The  attachment  of  the  loop  to  the  septum  in  the  young  of  Tere- 
hraieUa does  not,  unfortunately,  so  readily  admit  of  proof  owing  to 
the  diflfioulty  of  obtaining  perfect  specimens^ 

In  examining  the  interiors  of  various  species  of  Terebratella,  I 
have,  however,  frequently  observed  that  the  septum  itself  exhibited 
what  appeared   to   be    unmistakable  evidence  of  the  continuous 
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•ttaohment  of  the  loop.  This  evidenoe  oonsisted  in  Hie  oconirenoe 
of  a  oorved  line  or  ridge  extending  on  the  sides  of  the  septum  from 
its  origin  beneath  the  hinge-plate  to  the  point  from  whence  the 
tnmsvene  processes  then  proceeded  for  the  attachment  of  the  loop. 
And  as  snch  ridges  are  not  observable  in  any  species  of  Wdldhei'mika 
with  which  I  am  acquaintedy  they  may,  I  imagine,  be  regarded  as 
the  remains  of  former  prcx^esses  from  &ie  septum,  indicative  of  the 
attachment  of  the  loop  from  its  earliest  development. 

He  condition  of  the  loop  and  septum  in  some  very  young  speci- 
mens of  Terebraiella  Menardi,  in  my  collection,  fully  tends  to  sup- 
port  this  evidence. 

In  these  examples  the  septum  is  much  elevated,  and  extends  to 
nearly  the  front  of  the  smaller  valve.  The  descending  portions  of 
the  loop,  which  diverge  frx>m  the  hinge-plate  in  the  usual  way,  are 
broadly  attached  to  the  septum  near  its  extremity,  and  bending 
sharply  rise  in  an  almost  inconspicuous  ridge  above  the  septum. 

From  this  stage  of  the  loop  its  development  would  probably 
follow  what  appears  to  me  to  be  <i&e  fMturdl  law  of  hiereau  in  (£s 
locpt  of  Braehiopoda,  namely,  the  gradual  absorption  of  the  inner 
edges  of  the  loop,  and  the  increase  of  its  outer  or  upper  edges  by  the 
secretion  of  frem  shelly-matter  from  a  portion  cf  tho  lining  mem- 
brane of  the  shell. 

'  With  regard,  therefore,  to  the  attachment  or  non-attachment  of 
the  loop  at  different  ages  of  the  aheU  in  the  sections  Waldheimia, 
TerebrateUa,  etc.,  the  rule  appears  to  be  that  the  loops  are  either 
constantly  attached  to  the  septum — as  in  TerebrateUa,  Megerliay  etc., 
—or  constantly  free,  as  in  Waldheimia,  And  although  the  excep- 
tion may  hold  good  as  regards  the  young  of  Terehratdla  Buekmanii, 
Moore,  I  am  sure  that  such  is  not  the  case  with  regard  to  Wald, 
tamarinduSy  Sow. 

By  grinding  down  or  in  other  ways  partially  removing  the  matrix 
from  the  interiors  of  the  valves,  I  have  succeeded  in  obtaining 
dissections  exhibiting  the  loops  of  most  of  our  Cretaceous  Braehio- 
poda, and  amongst  others  of  the  following  species,  the  loops  of 
which  have  not,  I  believe,  been  as  yet  described. 

1.  Terebratula  ovata,  Sow.  Loop  short  and  simple;  no  mesial 
septum. 

2.  Terehratida  rugiUosa,  Morris*  Loop  short  and  simple ;  no  mesial 
septum. 

3.  Terebratula  squamosa,  ManL  Loop  short  and  simple ;  no 
mesial  septum. 

The  d^covery  of  the  loops  of  these  three  species  has  given  me 
much  pleasure,  as  tending  to  prove  the  correctness  of  Mr.  David- 
son's observations  respecting  the  small  generic  value  of  surface- 
markings  on  the  valves  of  Braehiopoda. 

4.  Terebratula  Carteri,  Dav.     Loop  short  and  simple. 

6.  Waldheimia  Boubei  (?)  D'Archiac.     {Ter.faha  (?)  (Sow.)* 
Loop  much  elongated  and  reflected.     Frontal  extremity  of  loop 

'  Figtired  in  Obol.  Mao.,  Vol.  1.,  PL  XII.,  Figi.  6-7. 
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studded  with  irregalar  spines,  as  in  Terebrc4ula  resupiuaiaf  IMt. 
Septum  short  and  but  little  elevated. 

Of  this  somewhat  doubtful  species  I  have  several  examples  from 
the  Lower  Greensand  of  Folkestone  and  Grodalming.  The  Folke- 
stone specimens  are  filled  with  silex,  and  possess  the  loop  in  the 
most  perfect  state  of  preservation.  It^  interesting  to  observe  that 
the  loop  in  these  specimens  approaches  as  near  to  the  front  in  the 
young  and  half  grown  as  in  the  adult  shell. 

6.  Terebratdla  oblonga,  Sow.  Loop  elongated  and  reflected, 
doubly  attached;  mesial  septum  (in  the  adult  shell)  reaohing  to 
nearly  the  middle  of  the  smaller  valve. 


VIL — ^DiscovKHY  OF  Qault  with  Phosphatic  Stratum  at  Upwabb. 

By  H.  Kbbpiko,  Aisistant  Oorator  of  Woodwardiaa  MuBeum,  Cambridge. 

HAVING  frequently  visited  Upware  during  the  past  fourteen 
months,  for  the  purpose  of  collecting  from  the  Lower  Green- 
sand,  in  which  I  have  been  very  successful,  having  obtained  for  thU 
Museum  a  beautiful  and  choice  collection,  I  have  had  every  oppor- 
tunity of  observing  the  progress  of  the  excavations,  and  of  noting 
the  relative  position  of  the  beds. 

YHien  there  in  February  last,  I  picked  up  a  phosphatised  specimen 
of  Ammonites  interruptua  at  a  short  distance  from  the  cropping-out 
of  the  Coral-rag.  This  led  me  to  believe  that  the  Gault  might  be 
found  ;  accordingly,  on  the  24:th  of  March  last,  I  sunk  a  pit.  After 
passing  through  about  seven  feet  of  clay  I  came  to  a  phosphatic  bed, 
from  which  I  collected  the  following  fossils,  proving,  I  believe,  the 
whole  to  be  Q^ult : — 

Ammonites  serratus,  Nucula  ovata, 

Ammonites  interruptus,  Nucula  pectinata, 

Baculites  „  Dentalium  ellipticum, 

Belemnites  minimus,  Inoceramus  concentricus. 

Belemniies  attenuatus, 

The  pit  sunk  was  about  ten  feet  in  depth.  The  phosphatic-bed 
(see  I,  in  section)  from  which  the  fossils  were  derived  averages  five 
inches  in  thickness.  After,  passing  through  another  foot  of  the  non- 
fossiliferous  Gault  I  entered  the  Lower  Greensand  (g),  and  on 
sinking  two  feet  lower  the  rising  of  the  water  compelled  me  to  desist. 

It  will  be  seen  from  the  section  that  the  Kimmeridge  Clay  is 
unconformable  to  the  Coral-rag ;  and  it  would  appear  that,  at  the 
time  of  the  deposition  of  the  Kimmeridge  Clay,  a  quantity  of  its 
broken  and  often  rounded  fragments  became  intermixed  with  it,  so 
that  in  the  vicinity  of  junction  it  actually  presents  the  appearance 
of  Boulder-drift.  This  was  at  fir^t  puzzling,  but  when  the  position 
of  the  bed  was  determined  it  was  seen  to  be  a  natural  consequence. 

The  collection  of  fossils  obtained  is  small,  but,  considering  that  it 
is  the  production  of  a  pit  of  about  a  yard  square,  they  are  as  nu- 
merous as  we  can  expect ;  the  distinct  specie?  being  eight,  and  there 
are  many  specimens.  Although  the  G^ult  has  been  found  in  this 
country,  few  fossils  have  been  met  with  in  it,  and  I  know  of  no 
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oth«T  ocdlectioD  that  will  compare  viUi  Hub,  noithfiT  is  iben,  to  vxj. 
Imowlede^B,  any  otiior  locality  within  the  Nuae  diatriot  vbidi  pvM 
■o  good  a  eeq^nonoe  bom  the  Cozsl-jag  (o  the  Qaolt, 
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L — On  thk  Kiooene  Floei  or  thk  Poub  Bzoions.  Two  Lectnes 
given  at  the  Annual  meeting  of  tlie  Natural  Hiatory  Society  of 
Switzerland  on  the  9th  and  11th  September,  lB67,at.BheiDfeldeii, 
by  Profeasor  Oswald  Hkbb,  of  Zurich. 

[Tiau^Ud  bjr  Johh  Estabd  Lbb,  F.B.A.,  F.O.S.} 
L 

P&0FES80R  HEEB  has  had  the  opportunity  of  examining  a 
large  number  of  fossil  plants  from  the  museuniB  of  I>nblin, 
London.  Copenhagen,  and  Stockholm,  which  have  been  discovered 
in  the  north  of  Canada  (on  the  Mackenzie),  in  Banksland,  in  North 
Greenland,  in  Iceland,  and  in  Spitzbei^en.  They  reveal  to  as  valu- 
able information  both  as  to  the  diffusion  of  plants  in  the  early  ages 
of  the  world,  and  alao  as  to  the  climate  'which  prevailed  at  that  time 
in  the  far  north.  This  Arctic  Miocene  flora,  bo  far  as  can  be  ascer- 
tained from  these  speoimene,  coDBists  of  162  species  :*  16  species 
belong  to  the  cryptogamia,  and  amongst  them  we  notice  small  inngi, 
which  have  formed  Bpota  and  dots  on  the  leaves  of  trees,  jnst  as  tha 
leaf-fungi  do  at  the  present  day  ;  and  9  species  of  fine  large  plants 
of  the  fern  tribe,  with  which  the  ground  under  the  forests  was  pro- 
bably clothed.  The  phanerogamous  plants  oonsiBt  of  SI  Bpeoies  of 
trees  allied  to  the  fir  tribe,  14  monocotyledons,  and  99  diootyledinii. 
Judging  from  their  analogy  with  the  nearest  living  plants,  there 
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were  78  kinds  of  trees,  and  ^0  simibs :  consequently,  at  that  period, 
128  species  of  woody  plants  had  been  diffused  over  the  far  nortL 
Amongst  the  pine  or  fir  tribe  we  find  silver  firs  (Tannen),  sprace 
firs  (Fichten),  and  common  or  Scotch  firs  (Fohren) — ^most  of  which 
very  nearly  approach  the  American  species.  We  may  especially 
mention  the  Pinus  MacClurii,  which  looks  uncommonly  like  the 
FinvLs  alba  of  Canada,  and  of  which  the  cones  were  discovered  in 
Banksland  by  Mr.  McClure  and  his  companions*  This  tree,  doubt- 
less, contributed  no  little  to  the  features  of  the  mountain  forests  of 
that  country.  Iceland,  however,  in  the  Miocene  times,  wa»  the 
richest  in  species  of  pine,  for  the  remains  of  seven  different  kinds 
have  been  discovered  there^ — viz.,  species  of  silver  fijr^  of  sprucer  and 
of  common  fir.  The  Sequoim,  however,  were  far  more  abundant 
than  the  pines ;  and,  m  the  Miocene  times,  it  can  be  proved  that 
ihey  were  very  abundant  in  Europe,  Asia,  and  America;  while  at 
the  present  day  this  genus  is  confined  to  California.  Only  two  living 
species  are  known  {S,  sejopervirens  and  S,  gigantea) — the  last  sur- 
vivors of  this  remarkable  type  of  plants,  which  contains  the  greatest 
trees  in  the  world.  In  the  Miocene  times  four  species  lived  in  the 
polar  regions;  three  of  which,  however,  were  spread  over  middle 
Europe.  The  Sequoia  Langsdoffii  is  the  chief  tree  of  North  Greenland ; 
and  not  only  branches  with  leaves  upon  them,  but  even  the  flowers, 
the  cones,  and  the  seeds,  have  been  discovered.  In  the  Miocene 
age  it  lived  also  in  North  Canada  and  in  Vancouver's  Island ;  and,  on 
the  other  hand,  it  can  be  proved  also  to  have  existed  in  Germany, 
Switzerland,  and  Italy.  It  is  imcommonly  near  to  Sequoia  semper- 
virens,  and  is  only  distinguished  from  it  by  the  cones  being  some- 
what larger.  The  8,  Sternbergi,  which  was  very  abundant  in  Ice- 
land, is,  on  the  other  hand,  closely  related  to  S.  gigantea  (the  "  WeUing- 
ionia  ") ;  while  the  S.  CouUaia,  which  is  found  at  Disco  and  Atane- 
kerdluk,  fills  up  the  gap  between  S.  Langsdorffii  and  S,  Stembergi, 
The  trees  allied  to  the  cypress  are  largely  represented ;  and  we  find 
three  genera,  Taxodium,  Thujopsis,  and  Glyptostrohua,  The  home  of 
the  two  last  is  in  Japan,  whUe  that  of  Taxodium  is  in  North  America. 
The  Glyptostrobua  Europaus  had  precisely  the  same  range  as  the 
Sequoia  Langsdorffii ;  and  the  same  may  be  said  of  Taxodium  duhium ; 
of  which  twigs,  leaves,  and  cones  were  found  at  Atanekerdluk,  and 
its  remains  were  found  in  Spitzbergen,  even  at  Bell  Sound  (nearly 
78  degrees  north  lat).  The  Thujopsis  Europaa  (a  kind  of  evergreen) 
is  much  rarer,  and  yet  very  pretty  branches  of  it  were  found  in 
Northern  Greenland,  which  agree  with  those  found  in  anther,  and  at 
Armissan  (Narbone).  Amongst  the  Taxina  may  be  especially  men- 
tioned a  Salisbnrea  from  Greenland,  as  this  genus  at  present  grows 
wild  only  in  Japan. 

The  number  of  foliaceous  trees  of  the  Arctic  zone  in  Miocene  times 
was  so  great,  that  only  a  few  species  can  be  specified  here.  Many  of 
them  are  very  similar  to  those  of  our  own  coimtry ;  as,  for  instance, 
the  beech  and  the  chestnut,  which  are  found  in  North  Greenland  up 
to  70  degrees  north  lat  One  kind  of  beech,  Fagu»  Deuealionis,  was 
very  nearly  related  to  our  common  species  :  the-  leaves  have  the  same 
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ibrm  Bi^e,  and  nerration,  bnt  tbe  edge  ur  front  ia  dentated.  It  Teas 
apparently  diffoaed  over  the  whole  north,  for  it  can  beproved  to 
have  existed  in  Greenland,  Iceland,  and  Spitzbeigen.  The  species 
of  oak  are  found  in  still  greater  variety :  there  were  eight  Hnds  m 
North  Greenland ;  most  of  them  had  large  leaves,  beaatifhlfy  iin 
dented,  and  they  bear  the  greatest  resemblance  to  American  speciiet. 
One  of  them  {Quereus  Oltjfseni),  which  can  be  traced  from  Northern 
Canada  to  Greenland  and  Iceland,  corresponds  with  the  Q.  PWhitf  of 
the  United  States.  A  plane  tree  also  (P2.  cuseraidea)  had  froread  over 
all  these  countries — ^nay,  was  found  even  in  the  Iceilora  of  Spitz^ 
bergen.  Numerically,  however,  the  poplars  were  far  more  abundant 
than  the  beeches,  the  oaks,  or  the  planes.  Two  species  (PbpvlBS 
Biehard8oni  and  P.  aretiea),  together  with  the  Sequoia  LangsworffiL^ 
were  amongst  the  commonest  trees  of  the  polar  zone,  and  can  be 
traced  from  the  Mackenzie  to  Spitzbeigen.  It  is  a  striking  flu3t 
that  very  few  remains  of  willows  are  found,  while  at  the  present 
day  willows  form  one-fourth  part  of  the  ligneous  plants  of  the  Arctia 
Bone.  Birches  were  abundant  in  Iceland;  and  a  tulip  tree,  and  8 
maple  with  large  berri^  {Acer  otopteryz),  also  flourished  there* 
Eemains  of  the  walnut  tree ;  of  a  coriaceous-leaved  Magnolia  ;  koS, 
of  a  Pnmtw  (P.  SeoUii)  came  from  Greenland :  and  a  large-leaved 
lime-tree  was  found  in  Spitzbergen  (Tilia  Mdlmgreni) :  its  leaveir 
were  found  at  Eingsbay  in  79  degrees  N.Lat. 

These  types  of  trees,  which  approach  those  of  living  species,  are 
accompanied  with  others  of  a  different  kind,  the  determination  of 
which  is  somewhat  difficult.  One  species  with  remarkably  large 
coriaceous  leaves  (the  Daphnogene  Kanii),  belongs  probably  to  the 
LauraeeiB,  and  four  others  {Mc  ClintoeJda  and  Hakea)  to  the  Ih'oteaeecd*. 
It  is  doubtful  whether  the  last-named  plants  took  the  form  of  trees 
or  shrubs ;  the  others,  judging  from  the  analogy  of  living  forms 
allied  to  them,  very  probably  were  the  shrub-growth  of  that  age. 
To  these  may  be  added  a  species  of  hazel  {Corylus  M^Qwarrti),  whiclk 
was  spread  over  the  whole  of  the  north,  and  is  found  in  Spitzbergen^ 
even  78  degrees  N.  Lat. ;  also  an  alder  (Alnus  Kefersteifm)^ 
which  was  diffused  equally  far  and  wide.  From  Greenland  up  to 
70  degrees  N.  Lat^  we  Imow  of  species  of  buckthorn  (Bhatmiiui^r 
PaliuruSy  ComuB,  Cratagus,  Hex,  Andromeda,  and  Myriea.  Climbing 
plants  also  were  not  wanting.  A  species  of  ivy  (Hedera  M^Clurii) 
was  foimd  on  the  Mackenzie  and  in  Greenland;  there  were  also 
found  here  the  remains  of  two  kinds  of  vines,  and  a  third  flourished 
in  Iceland.     All  three  correspond  with  American  forms. 

It  would  not  be  difficult,  from  this  list  of  species,  to  draw  a  picture 
of  the  vegetation  in  these  high  northern  latitudes;  it  would  show 
us  a  mass  of  foliage  of  v«urious  tints,  made  up  both  of  pines  and  other 
forest  trees — trees  with  great  leaves  of  varied  forms,  their  stems 
twined  round  with  vines  and  ivy,  and  under  their  shade  there  are 
numerous  shrubs,  mixed  with  elegant  ferns. 

How  very  different  is  the  picture  now  presented  to  us  in  the  polar 
regions  I  At  the  present  day  an  enormous  glacier  covers  Northern 
Greenland,  leaving  only  a  narrow  strip  of  coast  free  from  ice  in  the 
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summer,  and  ibis  glacier  every  year  sends  ont  into  Uie  ocean  tkoosands 
of  icebergs,  which  lower  the  temperature  of  the  southern  latitndes ; 
bat  at  one  period  this  very  country  was  covered  with  a  luxuriant 
primaeval  forest,  composed  of  a  great  variety  of  trees,  suoh  as  we 
now  find  only  in  the  warmer  parts  of  the  temperate  zone !     In  iact 
we  find  Taxodut  and  plane-trees  in  Spitzbeigen  in  78  degrees  N.  LaL, 
nay  even  a  lime-tree  and  a  poplar  in  79  degrees  N.  Lat,  consequently 
only  11  degrees  distant  from  the  pole.     The  lime-trees,  the  Taxodim^ 
and  the  plane-trees  may  here  have  reached  their  most    northem 
limits ;  but  this  was  certiednly  not  the  case  with  the  firs,  and  the  two 
kinds  of  poplar,  which  were  living  in  Spitzbergen ;   for  we  know 
that  at  the  present  day  firs  and  poplars  go  15  d^;rees  further  north 
iban  plane-trees.     There  is  no  ground  for  doubting  that  it  would  be 
the  same  in  the  Miocene  ages;  and  if  so,  these  trees  will  have 
reached  the  pole,  provided  land  then  existed  there.    The  Miocene 
limits  of  trees  were  therefore  very  different  from  those  of  the  present 
day.     This  was  made  very  evident  by  a  glance  at  a  large  map  of  the 
Arctic  zone,  exhibited  by  Professor  Heer,  on  which  he  had  lidd  down 
the  limits  of  trees ;  he  pointed  out  that  this  boundary  coincides  vnth 
the  July  isothermal  of  10  degrees  centigrade  (50  Fahr.)  :  this  falls 
under  die  normal  parallel  of  67  degrees  N.  Lat,  so  that  at  present 
the  normal  limit  of  trees  is  but  a  short  distance  within  the  polar 
circle,  while  in  the  Miocene  age  it  reached  to  the  very  pole.     This 
indicates  a  great  change  in  the  climate,  and  this  was  proved  more 
definitively  by  the  lecturer  from  the  evidence  given  by  the  fossil 
flora  of  Spitzbergen  and  Greenland.     From  the  character  of  the 
specimens  brought  from  Spitzbergen,  he  concluded  that  it  must,  in 
79  degrees  N.  Lat.,  have  had  at  that  time  a  mean  annual  temperature 
of  5  degrees  cent  (41  Fahr.).     He  had  formerly  estimated  that  in 
those  ages  Switzerland  must  have  had  a  mean  temperature  of  21 
degrees  cent  (69.8  Fahr.),  so  that  the  difference  between  the  two  is 
16  degrees  cent.  (28.8  Fahr.),  or  a  decrease  in  going  northward  of 
0.5  cent.  (0.9  Fahr.)  per  degree.     According  to  this  calculation  we 
should  have  in   Spitzbergen,  in   78   degrees  N.   Lat,   an  annual 
temperature  of  5.5  cent  (41.9  Fahr.),  and  in  Greenland,  at  70  de- 
grees N.  Lat.  an  annual  temperature  of  9.5  cent  (49.1  Fahr.) ;  but 
in  Iceland,  and  on  the  Mackenzie,   in   65   degrees  N.  Lat,  the 
temperature  of  11.5  cent,   (about  53  Fahr.),  which  enables  us  to 
explain  aU  the  phenomena  in  the  vegetable  world  just  described.* 
At  present  the  difference  of  temperature  between  Switzerland  (in 
47  degrees  N.   Lat.,  and  calculated  at  the  level  of  the  sea)  and 
Spitzbergen   (in  78  N.  Lat)  is   20.6    cent.  (37.08  Fahr.),  which 
gives  a  difference  per  degree  of  0.66  cent  (1.188  Fahr).      In  the 
Miocene  times,  therefore,  the  warmth  was  more  equally  distributed, 
and  the  ditninution  of  heat  in  advancing  to  the  north  was  much 
more  gradual,  so  that  consequently  tibe  isothermal  of  zero  (cent,  32 
Fahr.)  fell  under  the  pole,  while  at  the  present  day  it  comes  down  tp 
58  degrees  N,  Lat 

Lastly,  the  lecturer  controverted  the  opinion  that  these  plants  had 

^  Thif  IB  fully  shown  in  the  "  Foflsilea  Flora  to  PolarUnder,"  by  Prof.  Heer,  p.  72. 
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been  floated,  or  broug&t  by  wa^er,  ftom  a  great  distanoe  to  the  arotio 
zone.  This  cannot  poflsibiy  have  been  the  case,  for  the  leaves  are  in 
beaatifal  preservation,  and  lie  together  in  great  masses :  they  are 
found  in  connection  with  great  bedb  of  coal ;  and  amongst  the  speci- 
mens there  are  flowers,  fruits,  and  seeds  (nay,  even  berries  them"" 
selves),  and  young,  tender,  and  even  unfolded  beecb  leaves ;  and 
moreover,  insects  are  found  with  them.  Any  one  who,  with  a 
sound,  unprejudiced  mind,  looks  over  the  great  variety  of  sped* 
mens  of  plants  so  beautifully  preserved  as  those  which  fill  the  rooks 
of  Atanekerdluk,  in  Northern  Qreenland,  must  come  to  the  conclusion 
that  they  came  from  the  immediate  neighbourhood :  in  addition  to 
which,  tiie  fact  that  the  Spitzbergen  plants  are  found  in  a  fresh* 
water  formation  is  a  decisive  proof  that  &ey  were  not  the  waift  of 
the  sea. 

n. 

Professor  Heer  having  been  asked  how  he  could  explain  the  great 
change  of  climate  indicated  by  the  Miocene  flora,  gave  a  second 
lecture  on  this  particular  subject.  In  the  first  place,  he  discussed  the 
oonditions  of  the  globe  itself,  which  here  come  into  consideration.  A 
change  of  the  pole,  in  the  way  which  has  lately  been  brought  for- 
vrard  by  Mr.  Evans,  is  opposed  by  the  fact  that  both  in  the  Arctic  zone 
and  in  &e  more  southern  latitudes,  the  same  phenomena  are  observable 
all  round  the  globe.    We  nowhere  find  indications  of  the  pole  having 
been  displaced  ;  and  we  cannot,  therefore,  ascribe  the  change  of  cli- 
mate to  any  such  cause.     Much  greater  weight  seems  due  to  the  idea 
that  the  climatic  changes  have  arisen  from  a  new  distribution  of  land 
and  water  on  the  earth's  surface.  At  the  present  time  the  proportion 
of  laud  to  water  is  about  as  1  to  2^.    The  greater  part  of  the  land  is 
in  the  northern  hemisphere,  more  especially  in  that  part  of  it  which 
is  beyond  the  tropics.      The  earth,  therefore,  at  the  present  moment 
is  in  an  abnormcd  condition  :  what  we  should  consider  as  the  normal 
condition  being  a  proportionate  distribution  of  land  and  water  over 
every  zone  of  the  earth,  by  which  the  temperate  and  cold  zones  would 
enjoy  a  warmer  climate  than  they  do  at  present.      But  even  if  we 
could  imagine  such  a  favourable  apportionment  of  land  and  water, 
we  should  still  not  find  such  oonditions  as  would  enable  us  to  extend 
the  flora  before  mentioned  from  70  to  79  degrees  N.  Lat.    If  we 
were  to  place  all  the  main  land  under  the  tropics,  and  only  a  few 
islands  in  the  north,  the  latter  would,  indeed,  have  the  highest  pos- 
sible medium  annual  temperature,  and  the  winters  would  relatively 
be  very  mild,  but  the  summer  heat  between  70  and  80  degrees  N.Lat. 
never  could  rise  so  high  as  to  produce  so  rich  a  forest  flora.    Besides 
this,  there  was  apparently  in  the  Miocene  c^  a  great  quantity  of 
main  land  in  the  temperate  zone  of  the  northern  hemisphere,  and  it 
must  also  liave  extended  a  considerable  distance  into  the  polar  regions, 
as  may  be  proved  by  the  spread  of  the  Miocene  plants ;   for  many 
kinds  of  trees  and  shrubs  may  be  traced  from  the  Mackenzie  through 
Greenland  up  to  Spitzbergen.     Had  there  been  only  some  scattered 
islands  in  the  arctic  zone  at  that  time,  these  plants  would  never  have 
spread  so  far. 
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Qreat  stress  was  some  time  since  laid  on  the  internal  heat  of  the 
globe,  and  it  was  thought  that  this  might  account  for  the  higher 
temperature  of  the  early  ages  of  the  world.  But  even  if  this  may 
with  some  probability  be  thought  to  apply  to  the  oldest  periods,  il 
cannot  do  so  to  the  Miocene  times,  for  tiiey  oome  so  near  to  our  own 
age,  that  we  cannot  venture  to  attribute  to  such  a  cause  so  great  a 
difference  of  temperature.  It  is,  therefore,  not  possible  to  explain 
this  great  change  of  climate  from  the  conditions  of  our  globe,  at  any 
rate  from  those  which  are  at  present  known  to  us. 

We  must,  therefore,  turn  to  cosmical  conditions,  and  see  whether 
we  can  find  in  them  the  solution  of  the  enigma.  We  may  take  into 
consideration  the  changes  in  the  position  of  the  earth  relative  to  tiie 
sun — in  the  intensity  of  the  sun*s  rays,  and  in  the  temperature  of  the 
universe. 

With  respect  to  the  first,  great  stress  has  lately  been  laid  on  the 
periodical  changes  in  the  eccentricity  of  the  earth's  orbit.  It  is  well 
known  that  this  is  not  a  circle,  but  that  it  forms  an  ellipse,  in  con- 
sequence of  the  influence  of  the  larger  planets.  The  form  of  this 
ellipse  changes  within  certain  limits  in  the  course  of  thousands  of 
years.  At  the  present  moment  the  earth's  orbit  is  gradually  ap- 
proaching the  form  of  a  circle,  and  in  23,900  years  the  eccentricity 
will  have  reached  its  minimum,  and  become  most  like  a  circle,  but 
from  that  time  it  will  gradually  become  more  eccentiic.  The  mean 
distance  of  the  earth  from  the  sun  is  91,400,000  English  miles ;  the 
greatest  eccentricity  of  the  orbit  is  about  1-1 3th  of  this  distance, 
while  the  smallest  is  l-360th.  At  the  time  of  its  greatest  eccentricity 
the  earth  would  be  about  14^  millions  of  miles  further  from  the  sun 
than  when  its  orbit  most  nearly  approaches  a  circle.  At  the  present 
time  the  difference  amounts  to  3  millions  of  miles.  We  must  further 
bear  in  mind,  that  at  the  present  time  the  earth  in  the  winter  of 
the  northern  hemisphere  is  nearest  the  sun  (in  perihelion),  and  in 
summer  it  is  furthest  from  it  (in  aphelion).  But  even  this  condition  is 
subject  to  a  periodical  change,  which  runs  its  course  in  21,000  years. 
In  about  10,000  years  hence  the  summer  of  the  northern  hemis- 
phere will  coincide  with  the  time  when  the  earth  is  nearest  the  sun, 
and  the  winter  with  the  time  when  it  is  furthest  from  it ;  while,  of 
course,  these  conditions  will  be  reversed  in  the  other  hemisphere.  It 
has  therefore,  been  assumed  that  at  those  periods  when  the  earth  has 
reached  its  maximum  eccentricity,  and  when  it  also  is  nearest  to  the 
sun  in  winter  (or  in  perihelion),  this  hemisphere  has  had  a  shorter 
and  warmer  winter,  but  on  the  other  hand  a  longer  and  cooler 
summer;  while  the  southern  hemisphere  must  at  this  period  have 
had  exactly  the  reverse,  that  is  a  longer  and  colder  winter,  and  a 
warmer  and  shorter  summer,  because  the  greatest  distance  from  the 
sun  must  coincide  with  the  winter  of  this  hemisphere.  Mr.  CroU 
supposes  that  during  this  longer  and  colder  winter  so  much  ice  must 
have  formed,  that  the  short  summer,  though  certainly  warm,  would 
not  have  been  able  to  melt  it,  and  that  the  glacial  period  was  a 
oonsequence  of  these  conditions.  During  this  period  a  perpetual 
spring  would  have  prevailed  in  the  other  hemisphere,  for  the  long 


Ee^ — Mioeme  Flora  of  the  Polar  Eegiom.  279 

munmer  was  cooler,  and  the  shoit  wintet  on  the  other  hand  was 
warmer.  The  astronomer,  Mr.  Stones,  has  calculated  that  850,000 
years  ago  the  eccentricity  of  the  earth's  orbit  was  at  its  maximun, 
and  the  northern  hemisphere  had  the  winter  in  aphelion.  At  that 
time  the  length  of  the  winter  was  increased  by  thirty-six  days.  Yeiy 
much  ice  and  snow  must  have  accumulated  in  this  period,  and  con- 
sequently Lyell  is  inclined  to  consider  this  as  the  Olacial  age.  On  the 
other  hand,  900,000  years  ago  the  eccentricity  was  at  its  minimum,and 
consequently  other  data  mast  be  given  for  tiie  conditions  of  climate. 

But  with  respect  to  all  these  speculations,  we  must  bear  in  mind 
the  insufficiency  of  our  knowledge  as  to  the  e£Fect  which  the  distance 
travelled  by  the  sun's  rays  from  the  sun  to  the  earth  has  on  their 
intensity.  Lyell  has  very  justly  drawn  attention  to  the  fact^  that, 
according  to  the  calculations  of  Dove,  the  earth  is  warmer  in  July, 
when  it  is  actually  further  from  the  sun,  than  in  December,  when  it 
is  nearest  to  it  This  arises  from  the  different  distribution  of  land 
and  water  in  the  southern  and  northern  hemispheres,  so  that  the  latter 
has  a  warmer  summer  than  the  former,  although  in  the  summer  the 
sua  is  nearer  to  the  south  than  the  north.  But  even  this  shows,  that 
the  distribution  of  land  and  sea  on  the  earth  is  of  much  greater  im- 
portance, in  a  question  of  dimate,  than  the  greater  or  smaller 
eccentricity  of  the  earth's  orbit,  which  ought  not  therefore  to  have 
such  an  excessive  influence  ascribed  to  it  Still,  it  is  an  item  by  no 
means  to  be  neglected,  and  one  which,  combined  with  varied  dis- 
tributions of  land  and  sea,  must  exercise  a  great  influence.  Sir 
Chas.  Lyell  has  demonstrated  this  in  a  most  masterly  manner. 

A  second  cosmical  agent  for  changes  of  climate  may  be  looked  for 
in  the  sun  itself.  With  respect  to  the  spots  on  the  sim's  disc,  we 
know  that  perpetual  changes  are  going  on  upon  the  surface  of  the 
sun,  so  that  there  is  at  least  a  possibility  that  the  action  of  the  sun's 
rays  may  not  always  have  been  the  same. 

But,  besides  the  sun,  there  are  also  in  the  universe  millions  of 
heavenly  bodies,  pouring  out  their  lightening  and  warming  rays  into 
the  firmament.  It  is,  therefore,  possible,  that  different  places  in  this 
infinite  universe  may  possess  a  different  temperature,  as  has  been 
pointed  out  by  the  mathematician  Poisson,  who  reminds  us  that  the 
number  of  stars  is  so  great  that  they  form,  as  it  were,  a  continuous 
covering  over  us. 

Now,  we  know  that  the  sun,  together  with  its  planets,  is  continu- 
ally changing  its  place  in  the  universe ;  and,  probably,  together  with 
them,  is  circling  round  some  one  great  fixed  star  at  an  immeasurable 
distance.  If  we  consequently  venture  to  suppose  that  the  universe 
has  not  everywhere  the  same  temperature,  we  should  have  the  most 
simple  explanation  of  the  phenomena  we  have  described.  K  the 
sun,  with  its  planets,  was,  in  the  Miocene  times,  in  a  part  of  the 
universe  possessing  a  higher  temperature  than  that  in  which  it  now 
moves,  this  warmth  would  have  been  proportionably  shared  by  every 
part  of  the  earth,  and  would  more  especially  have  had  an  influence 
on  the  temperate  and  polar  zones,  and  have  caused  a  proportionate 
increase  of  temperature.    Then,  again,  in  this  year  of  our  sun  (if  it 
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may  be  so  expressed),  there  would  be  an  alternation  of  colder  with 
warmer  seasons;  and  the  Miocene  age  may  be  compared  with  its 
summer,  the  Glacial  age  with  its  winter,  and  our  present  age  with 
its  spring.  This  orbit  of  our  sun  is,  indeed,  one  of  immeasurable 
length,  and  we  cannot  yet  fully  comprehend  it.  But  there  is  a  time 
coming  when  its  extent  will  be  calculated;  and  races  yet  imbom 
will  teach  in  their  hand-books  the  course  of  the  sun,  just  as  we  now 
do  the  courses  of  the  planets.  If  we,  as  it  were,  become  dizzy  with 
Surveying  the  vast  period  of  ages  here  spread  before  us,  we  ought  to 
Consider  how  small  is  the  measure  we  are  accustomed  to  apply  to  it. 
A  glance  will  show  us  this.  There  are  many  living  things  whose 
life  is  but  a  day  long.  Let  us  imagine  for  a  moment  that  one  of 
these  beings  were  endowed  with  consciousness  ; — or  that  the  life  of 
Inan  lasted  but  for  a  day  :  now,  an  individual,  born  in  winter,  could 
only  learn  by  tradition  that  the  climate  was  once  warmer,  and  that 
at  some  future  time,  after  a  long  series  of  generations,  a  warmer 
period  would  again  occur :  and  another  individual,  bom  in  summer, 
could  only  learn  by  means  of  races  long  since  passed  away,  that  this 
warm  weather  would  be  followed  by  a  long  cold  season,  and  that 
afterwards  the  warmth  would  again  return.  One  of  our  years  must 
to  these  beings  of  a  day  have  seemed  immeasurably  long,  as  it  would 
have  included  365  generations. 

But  the  present  age  of  the  world  is  not  even  a  day, — it  is  hardly  a 
ininute  of  the  great  orbit,  or  year  of  our  sun ;  and  no  mortal  will  be  able 
to  note  its  phases.  We  certainly  cannot  examine  them  with  our  bodily 
eyes ;  but  we  can  ^o  so  with  our  mental  vision ;  for,  in  spirit,  we 
can  look  back  into  far  gone  ages,  and  recognise  the  connection  of 
phenomena  which  have  occurred  in  the  course  of  thousands  of  years. 
The  mental  eye  glances  into  the  very  earliest  periods  of  time,  and 
scans  even  the  furthest  regions  of  the  imiverse. 

But  however  small  man  may  be  corporeally,  when  compared 
with  the  immensity  of  nature — however  short  may  be  his  life  on 
the  shoreless  sea  of  time ;  yet,  as  to  his  mind,  he  is  great ;  for  it  is 
this  which  raises  him  above  the  vicissitudes  of  ages,  and  gives  him 
a  consciousness  that,  under  his  perishable  body,  he  hides  the  germ  of 
an  endless  life. 

II. — On    the    Denudation    op    the    Cottesi^olbs. 

By  E.  WiTCHELL,  F.G.S. 
(Proceedings  of  the  Cotteswold  Naturalists'  Field-club.  1867.) 

THIS  paper  is  a  valuable  contribution  to  the  advancement  of  that 
theory  of  denudation  which  seems  to  be  steadily  gaining  ground, 
and  which  explains  the  formation  of  present  irregularities  of  surface 
by  the  action  of  subaerial  forces.  The  following  are  the  chief  points 
insisted  on : — 

There  is  no  evidence  that  the  valleys  of  the  Cotteswolds  were  cut 
out  by  the  sea  or  by  tidal  rivers  :  the  sea  would  tend  rather  to  wear 
away  inequalities.  There  is  abundant  evidence  of  denudation,  but 
it  is  of  subaerial  denudation,  helped  by  landslips. 

It  has  been  held  that  tides  acting  along  lines  of  fracture  are  essen- 
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tuJ  to  ihe  f onnaticm  of  the  Cottetwold  'valleys,  and  it  is  a  ftct  tlMt 
{faero  are  fraotuzes  in  many  of  the  Talleya ;  but  this  ia  not  enon^ 
the  eziatence  of  the  conditiona  needfdl  for  the  action  of  tides  along 
lines  of  fraotore  must  be  shown ; — ^the  land  must  haxe  been  low 
enough  for  the  tides  to  zeaoih  it,  and  the  firaotares  must  have  been 
opened  into  fissorea  wide  enough  to  admit  large  volumes  of  water, 
and  long  enough  to  aooount  for  the  formation  of  the  long  valleys  as 
thev  now  exirt.    There  is  no  evidence  of  these  things. 

A  dose  conneetion  exists  between  combes  and  springs ;  there  axe 
no  combes  without  a  spring,  and  when  a  combe  forks  there  is  a 
spring  in  each  branch.  It  may  be  said  that  the  excavation  of  combes 
l^  the  sea  would  cause  springs;  but  in  this  case  surely  some  of  tha 
combes  should  be  without  springs,  as  one  can  hardly  suppose  thai 
the  sea  would  make  combes  only  iraere  subterranean  springs  abounded. 
This  oonnection  of  combes  and  springs  makes  it  hard  to  account  fiir 
the  formation  of  the  former  except  by  means  of  the  latter. 

The  widening  of  the  valleys  is  owing  in  great  part  to  dips;  but 
this  process  is  now  somewhat  checked  by  the  streams  having  been 
made  more  or  lees  artificial,  and  therefore  hindered  from  carrying 
away  fidlen  matter.  The  sli^  from  the  Fullei^s  Earth  are  veiy 
many ;  there  is  hardly  a  combe  out  into  that  formation  and  the  over- 
lying QreBX  Oolite  without  ^  slip,  sometimes  stationary  at  present, 
sometimes  moving  slowly ;  indeed  where  Fuller's  Earth  occurs  on  an 
escarpment  a  great  part  of  the  slope  is  moving.  The  Inferior  Oolite 
has  so  tumbled  that  it  is  not  uncommon  to  find  quarries  of  the  Free* 
stone  on  the  sands  below,  or  on  the  Upper  Lias. 

The  slopes  facing  south  or  south-west  are  more  denuded  and  less 
steep  than  others,  because  more  exposed  to  rain. 

A  very  large  amoimt  of  earth  is  carried  away  by  springs  and 
storm-waters ;  frost  too  has  a  great  effect  on  soft  Oolitic  rocks. 

In  going  up  a  valley  one  finds  that  the  volume  of  the  stream  gets 
less,  and  so  also  does  the  amount  of  denudation,  until  the  valley  is  a 
mere  hollow,  and  at  last  vanishes.  Then,  witiiin  a  few  yards,  the 
ground  begins  to  slope  in  the  opposite  direction,  and  gradually  takea 
the  form  of  a  valley  like  the  former,  but  falling  the  other  way. 

Sub-angular  gravels,  which  cannot  be  looked  on  as  marine,  but 
only  as  subaerial  and  fluyiatiLe,  aro  found  in  the  valleys  at  hei^^ts 
ranging  from  200  to  700  feet :  it  is  clear  therefore  that  like  con* 
ditions  held  during  the  whole  period  of  the  formation  of  the  valleys, 
and  that  no  such  deposits  could  have  taken  place  in  valleys  washed 
by  tidal  waters. — ^W.  W. 

m. — Pbeliminabt  Notice  of  a  New  Cbystalldtb  Fobx  of 
Silica. — By    Professor  G.    von   Bath. 

[Poggendorflrs  Annalen  Band  CXXXIII.] 

r[E  two  great  groups  of  Silica,  the  crystalline  (Quartz)  and  the 
amorphous  ((^>al),  with  the  respective  densities  of  2*65  and 
2*2 — 2*3,  appear  likely  to  have  a  third  and  intermediate  spedee 
added,  which,  crystallising  in  forms  belonging  to  the  rhombohedral 
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system,  yet  possesses  the  low  specific  gravity  of  2*2 — 2-3  ;  thns  by 
its  crystalline  character  being  related  to  the  species  Quartz,  and  by 
its  low  density  to  the  species  Opal.  The  crystals,  though  belonging 
to  the  rhombohedral  system,  the  author  states,  stand  in  no  relation  to 
any  of  the  hitherto  observed  forms  of  Quartz.  They  are  in  hexa- 
gonal tables,  never  simple,  but  always  in  twins,  mostly  of  three  indi- 
viduals (Drillingen),  from  which  character  the  author  proposes  the 
name  Tridymite^  and  imder  this  name  the  mineral  will  be  fully 
described  by  him  in  the  next  part  of  his  *' Mineralogische  Mit- 
iheilimgen."  The  crystals  are  not  pseudomorphous,  as  has  been  sug- 
gested, as  by  polarised  light  they  behave  as  doubly  refracting 
optically  uniaxial  bodies.  The  Tridymite  is  found  in  small  but 
sharply  defined  crystals  in  cavities  in  a  volcanic  porphyry,  accom- 
panied with  iron-glance  and  acicular  crystals  of  hornblende  from  the 
Cerro  S.  Cristobal,  near  Pachuca,  Mexico.  Should  the  further 
description  tend  to  substantiate  the  correctness  of  Professor  von 
Bath's  observations,  it  is  evident  that  some  of  the  arguments  put  for- 
ward both  by  the  supporters  and  opponents  of  the  igneous  theory  of 
the  origin  of  Quartz  in  modem  volcanic  lavas  and  granite,  based  on 
its  density,  will  be  materially  affected.  The  fuller  particulars  will 
be  anxiously  looked  for.  T.  D. 
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BeLIQTJIA  AQUITANICiB  ;   BEING   CoNTKIBUTIONS   TO   THE  ArCHJEOLOGY 

AND  Paleontology  of  PiRiGORD  and  the  adjoining  Provinces 
OF  Southern  France.  By  Edouard  Lartet  and  Henry  Christy. 
Edited  by  Prof.  T.  Kupert  Jones,  F.G.S.  Part  V.  London  :  H. 
Bailliere.     4to.     Part  V.     April,  1868. 

IN  this  part  the  description  of  the  Greology  of  the  Vez^re  is  completed 
by  a  short  account  of  the  ossiferous  caves  and  recesses.  These 
"  (whether  or  not,  in  some  cases,  enlarged  artificially)  have  been 
hollowed  out  by  atmospheric  agency,  where  the  softer  alternate  with 
the  harder  bands  of  limestones,  the  latter  often  still  forming  more 
or  less  continuous  ledges  around  the  interior." 

With  regard  to  the  in-filling  of  the  cavern  of  Le  Moustier  with 
red,  sandy,  micaceous  alluvium,  very  similar  to  the  brick-earth  of 
the  valley  below,  "it  is  not  necessary  to  suppose  that  the  cave  was 
on  a  level  with  the  flood- waters  of  the  valley  since  Man  inhabited 
it;  for,  as  Mr.  John  Evans  has  suggested  (Geol.  Soc.  Lond.  June 
22,  1864),  the  sand  may  either  have  been  blown  in  by  the  winds, 
or,  possibly,  it  may  have  reached  the  cave  from  the  top  of  the  hill 
during  the  formation  of  a  talus,  removed  for  the  most  part,  since  that 
time,  by  the  river  having  swept  the  foot  of  the  cliflf,  from  which  it 
has  now  receded." 

Some  such  explanation  as  the  above  is  absolutely  requisite  in 
cases  where  the  valley  is  of  very  considerable  width,  and  the  filling 
in  of  some  of  the  caves  on  the  east  side  of  Gibraltar,  partly  by  wind- 
blown sand  from  Catalan  Bay,  and  in  part  by  a  talus  formed  of  dis- 
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integrated  limestone  from  the  rock  above,  con&mB  the  ooneoftneM 
of  Mr.  Evans's  suggestion. 

In  narrow  valleys,  however,  where  the  river  passes  between  per- 
pendicular limestone  diffis,  the  rise  of  the  waters  daring  heavy  rains/ 
(eqpecdally  if  obstructed  by  &llen  trees  and  other  similar  dAiris) 
would  be  extremely  rapid,  and  one  can  readily  conceive  that  in  fsosii 
oases  fine  sediment  might  be  washed  into  caves  coxuiderably  above 
ordtiMry  high-water-mark. 

A  genAeman  engaged  upon  the  (Geological  Survey  in  Australia, 
mentions  an  interesting  fact  in  illustration  of  the  difference  of  level 
in  a  country  where  the  rain-fall  is  considerable.  At  the  time  of  his 
writing  home  he  was  encamped  in  a  dry  gully  or  watercourse, 
where,  at  the  height  of  sixty  feet  above  his  head,  the  wreck  of  last 
year's  floods  was  still  hanging  from  the  roots  and  branches,  and 
clinging  to  the  rocky  walls  of  the  cliff. 

£[i  interesting  comparison  is  instituted  between  certain  of  the 
implements  found  in  the  caves  of  Dordogne,  and  some  now  used  by 
the  North-American  Indians.  Much  valuable  information,  and 
many  illustrations  (communicated .  by  Mr.  Alexander  C.  Anderson, 
of  Vancouver's  Island),  are  added,  which  tend  to  explain  the  usee 
of  many  weapons  not  heretofore  understood.  Many  suggestions  are 
also  offered  as  to  the  nomadic  habits  of  the  aborigines,  their  methods 
of  hunting,  and  general  mode  of  life. 

In  the  last  number  of  the  Geological  Magazine,  for  May,  p.  599, 
quoting  from  M.  Gervais'  recent  work,  on  the  animals  found  asso- 
ciated with  man  in  Western  Europe,  *^  The  Epoch  of  the  Domestic 
Beindeer"  is  spoken  of.  We  are  glad  to  find  so  experienced  an 
authority  as  Mr.  Anderson  decidedly  opposed  to  this  view.  He 
writes,  "there  is  nothing  to  authorise  the  supposition  that  they" 
(the  Germoni  or  the  Aquitanians)  *' tamed  the  Keindeer  for  domest^io 
purposes,  but  only  hunted  it."  It  seems  very  doubtful  whether 
they  possessed  any  domesticated  animals,  save  perhaps  the  dc^. 
That  the  horse  was  wild,  like  the  reindeer,  and  formed  an  object  of 
the  chase  and  an  article  of  food,  is  abundantly  proved  by  the 
numerous  remains  met  with  in  some  of  the  French  caverns,  espe- 
cially in  that  of  Bruniquel.  From  the  bones  of  the  horse  many  of 
their  best  implements  {e.g,  needles)  were  manufactured. 

Much  has  been  said  and  written  of  late,  in  favour  of  conneotinff 
the  ancient  inhabitants  of  Gaul  with  the  modem  Laps,  Fins,  and 
Esquimaux ;  probably  this  has  arisen  from  the  theory,  that  the  pre- 
historic people  of  the  south  migrated  northwards  in  quest  of  the 
herds  of  reindeer  which  by  reason  of  a  change  in  the  climate,  or, 
the  increase  of  their  enemies,  ceased  to  visit  central  and  southern 
France  as  in  earlier  times.  A  certain  similarity  in  their  weapons  of  the 
chase  and  other  manufactured  articles  discovered  in  their  retreats  has 
also  favoured  this  view.  But  Mr.  Anderson  justly  observes  that"  Any 
theory,  based  upon  the  disappearance  of  the  Beindeer  from  southern 
latitudes,  in  connexion  with  the  migration  northward  in  remote  ages 
of  the  past  of  the  Esquimaux  and  other  northern  tribes,  ou^t,  I 
submit   to   be    very  cautiously  entertained."     Nor  would  it  be 
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prudent,  I  think,  to  found  too  much  upon  the  similarity  of  imple- 
ments now,  or  recently,  in  use  among  divers  barbarous  nations^  and 
the  interesting  relics  which  have  been  discovered  in  Dordogne." 
Mr.  Anderson  adds  his  belief  **  that  under  similar  circumstances  and 
conditions  of  things,  isolated  branches  of  the  human  race  will  arrive^ 
in  simple  matters  of  domestic  or  offensive  art,  at  nearly  similar  con- 
clusions, each  independently  of  the  other."  In  this  belief  Mr.  Ander- 
son is  supported  by  M.  Troyon,  Dr.  Ferdinand  Keller,  and  many 
other  able  investigators  of  pre-historic  man  in  Europe,  who  have  ex- 
pressed their  views  in  nearly  the  same  words. 

The  Plates  in  the  present  part,  which  continue  to  be  executed  in 
the  same  admirable  manner,  are  Plates  xv.  and  xvL,  flint  flakes, 
well  selected  to  illustrate  varieties  of  forms.  Plate  xvii.,  four 
cutting  or  chopping  hatchet-like  implements  of  flint,  from  Le 
Moustier,  similar  in  type  to  those  of  the  old  gravel  of  the  Somme, 
etc.  .  Plate  xviii.  is  devoted  to  the  illustration  of  flint  scrapers  and 
awls.  The  two  remaining  plates  commence  a  series  of  "  Sketches 
on  the  Vez^re,"  the  first  being  a  view  of  Le  Moustier,  the  second  of 
Les  Eyzies,  near  the  Junction  of  the  Beune  and  the  Vez^re.  They 
are  executed  by  W.  Tipping,  Esq.,  E.S.A. 


n. — Amkrican  Scientific  and  Popular  Journals. 

1.  Silliman'b  Abierican  Journal  op  Science  (2nd  Series,  No. 
130,  p.  96)  contains  an  interestiug  description  of  the  Glaciers  of 
Alaska,  Eussian  America,  by  Mr.  William  P.  Blake. 

"In  ascending  the  Stickeen  River"  (writes  Mr.  Blake),  "one 
glacier  after  another  comes  into  view  ;  all  of  them  upon  the  right 
bank  of  the  stream,  and  descend  from  the  inner  slope  of  the  (Blue) 
mountain  range.  There  are  four  large  glaciers,  and  several  smaller 
ones  visible  within  a  distance  of  60  or  70  miles  from  the  mouth. 
The  first  glacier  observed,  fills  a  rocky  gorge  of  rapid  descent,  about 
two  miles  from  the  river,  and  looks  like  an  enormous  cascade.  The 
mountains  are  greatly  eroded  by  it,  for  it  is  overhung  by  freshly- 
broken  cliffs  of  rock  evidently  produced  by  the  action  of  the  glacier." 

"  The  second  glacier  is  much  larger  and  has  less  inclination.  It 
sweeps  grandly  out  into  the  valley  from  an  opening  between  high 
mountains,  from  a  source  that  is  not  visible.  It  ends  at  the  level  of 
the  river  in  an  irregular  bluff  of  ice,  a  mile  and  a  half,  to  two  miles 
in  length,  and  about  150  feet  high.  Two  or  more  terminal  moraines 
protect  it  from  the  direct  action  of  the  stream.  What,  at  first  sight, 
appeared  to  be  a  range  of  ordinary  hills  along  the  river,  proved,  on 
landing,  to  be  an  ancient  terminal  moraine,  crescent-shaped,  and 
covered  with  a  forest  It  extends  the  full  length  of  the  front  of  the 
glacier."  Within  this  old  moraine  is  a  belt  of  marsh-land  and  ponds 
of  water,  and  then  commences  the  modem  moraine,  which  is  desti- 
tute of  vegetation  of  any  kind,  and  covered  with  huge  blocks  of 
granite,  perched  in  every  conceivable  position  upon  the  most  slender 
ice-columns,  and  ready  to  be  hurled  down  at  any  moment.  The 
glacier  itself  seemed  rent  and  torn  and  faulted  by  huge  chasms  and 
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oreTasaes,  filled  in  some  oases  with  mod  and  water,  in  others,  h%her 
up,  with  hard  snow.  The  surface  of  Hie  gplaoier  was  found  to  be 
1»oken  up  into  irregular  stair-like  blocks  with  smooth  sides,  and  so 
large  that  it  was  impossible  for  Mr.  Blake's  pariy  to  asoend  them 
without  ladders  or  tools  to  cut  footholds  with.  His  sketches  of  the 
bluffs  of  the  great  glader  are  very  striking,  and  his  paper  wiU  form 
a  yaluable  oontribution  to  the  history  of  glacial  phenomena. 

In  the  same  number,  Mr.  C.  A.  White  gpives  a  sketch  of  th6 
Geology  of  South-West^  lowa^  with  a  dear  and  condse  summary 
at  the  end  of  the  nature  and  succession  of  the  rocks  from  the  Lower 
Coal-measures  to  sandstones,  believed  to  be  of  Cretaceous  age.  In 
No.  132  there  is  given  an  account  of  the  "  San  Louis  Park,"  an  im- 
mense elliptical  basin  (in  which  the  Bio  Grande  del  Norte  takes  its 
rise),  surrounded — save  where  penetrated  by  the  Poncho  and  othetr 
passes — ^by  the  lofly  Sierras  of  the  Colorado  Mountains. 

The  Park  contains  a  sur£Etoe-area  of  9,400  square  miles,  at  an 
average  elevation  of  6,400  feet  above  the  sea-level.  Eutirelj^  around 
the  edge  of  the  plain  and  uniting  it  with  the  mountain  foot,  runs  a 
smooth  glacis,  resembling  a  sea-beaoh.  From  this  glacis  rise  con- 
tinuously all  round  the  horizon  the  goeat  mountains,  elevating  theZf 
heads  above  the  line  of  perpetual  snow.  At  5  to  6,000  feet  above  the 
plain  a  level  line  marks  the  cessation  of  vegetation,  above  which 
naked  granite  and  snow  alone  are  seen. 

The  centre  of  the  plain  is  occupied  by  the  San  Louis  Lake,  sixty 
miles  in  length,  fed  by  nineteen  confluent  streams,  but  without  any 
outlet  to  its  waters.  Its  water-surface  expands  over  the  Savannah 
during  the  melting  of  the  snows  upon  the  Sierras,  and  contracts  when 
the  season  of  evaporation  returns.  Seventeen  lofty  peaks  mark  the 
serrated  rim  of  the  park,  the  highest  of  which  has  an  elevation  of 
16,000  feet  above  the  sea. 

The  climate  appears  to  be  healthy  in  the  extreme,  and  subject  to 
but  little  variation. 

The  flanks  of  the  mountains  are  dothed  with  dense  forests  of  pine, 
fir,  spruce,  hemlock,  aspen,  oak,  cedar,  pinon,  and  a  variety  of 
smaller  fruit-trees  and  shrubs,  interspersed  with  luxuriant  mountbiin 
pastures  of  verdant  and  nutritious  grasses. 

The  mineral  wealth  of  this  region  appears  to  be  gr^sat,  snd  only 
needs  railway  transport  to  render  it  equal  if  not  superior  to  any  in 
America.  Already  the  Park  is  occupied  by  a  popi^tion  of  24,000 
Mexican-American  settlers,  and  their  numbers  are  augmenting 
rapidly.  The  details  of  the  geology  of  this  region  will  be  received 
with  great  interests  As  many  able  Americans  have  already  visited 
and  examined  it,  their  reports  may  be  shortly  looked  for. 

In  No.  133,  Mr.  Edward  Hungerford  contributes  a  paper  on 
Evidences  of  Glacial  Action  on  the  Ghreen  Mountain  Summits  in  Ver- 
mont, whose  highest  elevation  is  4,430  feet. 

2.  In  No.  11  of  the  Ahxrioan  Naturalist,  Dr.  Jeffines  Wyman 
gives  an  account  of  some  Shell-mounds  or  Refuse-heaps  in  the  State 
of  Maine.    These  agree  in  the  most  singular  manner  with  the  shell- 
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mounds  of  Denmark,  the  Orkneys,  Scotland,  and  Ireland,  oontaining 
abundant  remains  of  land-animids,  and  birds,  as  well  as  the  bones  of 
fishes  and  the  shells  of  mollosca,  together  with  the  rade  weapons  of 
stone  and  bone  left  by  the  aborigines,  many  of  which  strongly  remind 
ns  of  the  weapons  brought  by  our  Arctic  explorers  from  the  shores 
of  Arctic  America,  and  used  by  the  Esquimaux  of  to-day. 

Dr.  C.  A.  White  gives  an  account  of  certain  lake-like  hollows  and 
Repressions  found  in  Iowa,  supposed  to  be  of  artificial  origin,  some  of 
which  are  now  dry,  and  some  still  occupied  by  sheets  of  water. 
They  have  obtained  the  name  of  '<  walled  lakes"  from  the  heaping 
up  of  the  large  boulders  along  the  shore  in  the  direction  of  the  pre- 
vailing winds,  and  the  washing  away  of  all  the  finer  portions  of  the 
glacial  drift  in  which  these  lake-basins  have  been  formed.  Dr. White 
shows  that  the  action  has  continued  since  the  Glacial  epoch,  and  is 
going  on  at  the  present  day.  He  gives  an  interesting  account  of  the 
anci^it  river-terraces,  also  cut  through  the  glacial  drift,  which  covers 
a  large  portion  of  Iowa. 

3.  The  CAjfADiAN  Naturaust  akb  Geologist,  New  Series, 
Vol.  HE.,  No.  I.,  contains  a  useful  comparison  of  the  icebeigs  of 
Belle-Isle  with  the  Glaciers  of  Mont  Blimc,  with  reference  to  the 
Boulder-clay  of  Canada,  by  Principal  Dawson,  LL.D.,  F.R.S., 
F.G.S.  No.  3.  On  the  Geological  Formation  of  Lake  Superior,  by 
Mr.  Thomas  Macfariane.  On  a  subdivision  of  the  Acadian  Carboni- 
ferous Limestones,  by  Mr.  C.  Fred.  Hartt,  A.M. 

Several  of  the  papers  published  in  this  periodical  have  already 
been  noticed  in  the  pages  of  the  Geological  Magazine,  and  we 
shall  take  any  early  opportunity  to  notice  the  others,  whenever  space 
permits. 

Geological  Society  op  London. — I.  April  8th,  1868. 

The  following  communications  were  read  : — 

1.  *'  On  the  Affinities  and  probable  Habits  of  the  extinct  Austra- 
lian Marsupial,  Thylacoleo  eamifexy  Owen."  By  W.  H.  Flower,  Esq., 
F.B.S.,  F.G.S.,  etc. 

Thylacoleo  was  first  described  by  Prof.  Owen  in  the  Philosophical 
Transactions  for  1859,  from  an  imperfect  skull,  the  characters  of 
which  led  to  the  conclusion  that  it  was  ''one  of  the  fellest  and 
most  destructive  of  predatory  beasts,"  having  its  nearest  afinities 
among  existing  marsupials  with  Dasyuma  ursinus,  although  the 
interval  be  stQl  very  great  between  them.  In  a  subsequent  descrip- 
tion of  a  more  perfect  skull.  Prof.  Owen's  views  of  the  affinities, 
though  not  of  the  habits  and  food  of  the  animal,  were  modified.  It 
was  stated  to  be  more  nearly  related  to  the  Diprotodons,  Nototheres, 
Koalas,  Phalangers,  and  Kangaroos,  but  at  the  same  time  to  exem- 
plify '*  the  simplest  and  most  effective  dental  machinery  for  preda- 
tory life  and  carnivorous  diet  known  in  the  Mammalian  class." 

The  author  of  the  present  paper,  while  entirely  concurring  with 
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F^rofL  Owvn  in  liis  later  ^iewB  of  the  affinititti  of  Tkiflaedleo,  a&d 
pointing  out  in  detail  its  relations,  especially  with  the  Bat  Kan* 
garoos  (Hypnprymnus),  and  the  Phalangers  (rhalangista),  demurred 
to  the  soundness  of  the  oondusion  as  to  its  predaceous  habits.  He 
remarked  that,  as  the  greater  number,  if  not  all,  of  the  known 
animals  of  the  group  to  which  Tkylaccieo  undoubtedly  belongs,  are 
either  vegetable  or  mixed  feeders,  the  probabilities  would  be  that 
this  creature  conformed  with  its  congeners  in  this  respect,  unless  it 
possessed  any  such  striking  adaptive  modification  of  the  normal 
typical  dentition  of  the  group  as  to  lead  to  a  directly  opposite  oon- 
(dusion. 

He  then  proceeded  to  discuss  fins  question,  showing  that  in  its 
rodent-like  incisors,  rudimentary  4»nines,  and  hypsiprymnoid  pre- 
molars it  presents  no  suffident  approximation  to  any  of  the  true 
predaceous  carnivores,  either  placental  or  marsupial,  as  in  his 
opinion  to  justify  the  inference  as  to  its  habits,  which  is  expressed 
in  the  name  bestowed  upon  it. 

2.  ''  On  the  Thickness  of  the  Carboniferous  Books  of  the  Pendle 
Bange  of  Hills,  Lancashire."  Bv  E.  Hull,  Esq.,  B.A.,  F.B.S., 
E.O.S.,  of  the  Oeological  Survey  of  Scotland. 

This  paper  was  supplementaiy  to  a  former  communication  by  tilie 
author,  in  whidi  he  endeavoured  to  prove  the  south-easterly  attenua- 
tion of  the  Carboniferous  Bedimentary  strata  of  the  North  of  England, 
while  the  calcareous  member  (the  Mountain-limestone)  attained  its 
greatest  vertical  development  in  Derbyshire,  and  thence  thinned 
away  northward  and  westward.  The  author  now  gave  the  results 
of  his  subsequent  investigations  while  engaged  in  the  survey  of  the 
Pendle  range  and  the  neighbourhood  of  Burnley  and  Blackburn, 
which  have  shown  that  the  increase  in  the  thickness  of  the  sedimen^ 
tary  deposits  is  continued  into  that  district,  the  aggr^ate  thickness 
of  the  Coal-measures,  the  Millstone-grit,  and  the  Yoredale  series 
being  in  the  Burnley  district  18,635  feet,  while  in  Leicestershire  it 
has  dwindled  down  to  3,100  feet.  In  discussing  the  question  of  the 
source  of  these  sediments,  the  author  came  to  the  conclusion  that 
they  were  derived  from  a  primaBval  Atlantis, — a  view  which  he 
considered  to  be  strengthened  by  the  fact  that  the  Carboniferous 
sedimentary  strata  of  North  America  also  swell  out  towards  the 
north-east,  and  become  attenuated  towards  the  south  and  west. 

3.  ''Observations  on  the  relative  Ages  of  the  leading  physical 
Features  and  Lines  of  Elevation  of  the  Carboniferous  district  of 
Lancashire  and  Yorkshire."  By  E.  Hull,  Esq.,  B.A.,  F.B.S.,  of 
the  Greological  Survey  of  Scotland. 

The  author  first  described  the  Pendle  Bange  as  a  great  arch  of 
Carboniferous  rocks,  bordered  on  the  north  and  south  by  a  succession 
of  parallel  (W.S.W.  to  E.N.E.)  arches  and  troughs,  to  all  of  which 
he  assigned  a  Pro-Permian  age.  He  regarded  them  as  belonging 
to  the  earliest  of  three  consecutive  periods  of  disturbance,  to  wni(£ 
all  the  principal  flexures  and  faults  of  the  district  may  be  referred. 
The  Pennine  Chain,  which  runs  necurly  north  and  south,  he  believed 
to  have  been  upheaved  during  a  later  period,  namely,  the  dose  of 
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the  Pennian,  while  the  nnineioiis  north-west  faults  of  the  disixici 
imder  consideration  he  referred  to  the  close  of  the  Jurassic  period. 
Mr.  Hull  described  in  detail  the  evidence  upon  which  these  condnr 
sions  rested,  observing  that,  immediately  upon  the  close  of  the 
Oarboniferous  period,  the  northern  limits  of  the  Lancashire  and 
Yorkshire  coal-fields  were  determined  by  the  upheaval  and  denuda- 
tion of  the  beds  along  east  and  west  lines,  the  coal-fields  themselves 
retaining  their  original  continuity  across  the  region  now  formed  of 
the  Pennine  Hills,  from  Skipton  southwards.  At  the  close  of  the  Per- 
mian period  these  coal-fields  were  dissevered  by  the  uprising  of  the 
area  now  formed  of  the  Pennine  range,  by  lines  of  upheaval  ranging 
from  north  to  south,  nearly  at  right  angles  to  the  former,  this  &ct 
being  of  itself  an  evidence  of  difference  of  age.  In  condosion  the 
author  pointed  out  that  the  denudation  of  the  rocks  of  the  district 
may  be  referred  to  seven  periods,  beginning  with  the  commence- 
ment of  the  Permian  and  ending  with  the  Post-glacial ;  he  defined 
the  duration  and  effect  of  each  of  these  periods,  and  stated  the 
evidence  on  which  his  conclusions  rested. 

4.  "  On  a  Saliferous  deposit  in  St.  Domingo.  By  M.  D.  Hatch, 
Esq.  Communicated  by  Sir  R.  I.  Murchison,  Bart,  E.G3.,  FJELS., 
F.G.S.,  etc. 

The  author  described  a  deposit  of  salt  situated  about  15  miles 
from  tlie  harbour  of  Barabona,  and  about  half-way  between  it  and 
the  great  salt  lake  of  EmiquiUa. 

n.  April  22nd,  1868. 

The  following  communications  were  read  : — 
1.  "  On  the  Disposition  of  Iron  in  Variegated  Strata."  By  G^eorge 
Maw,  Esq.,  F.G.S. 

The  author  considered  the  subject  under  the  following  heads : — 

1.  Literature. 

2.  The  states  of  Combination  of  Iron  in  the  principal  stratified 
rocks. 

3.  The  Primary  Conditions  of  Iron  in  Bed  beds. 

4.  The  variegation  of  Bed  beds  due  to  differences  in  the  amount  of 
colouring  oxide. 

5.  Discolouration  and  bleaching  connected  with  joints. 

6.  The  variegation  of  the  Keuper  Marls. 

7.  The  influence  of  organic  matter  in  inducing  variegation. 

8.  Variegation  due  to  the  decomposition  of  Bisulphide  of  Iron. 

9.  Variegated  Cambrian  slates. 

10.  The  discolouration  of  Bed  beds  by  lime  and  magnesia. 

11.  The  ferruginous  banding  of  yellow  sandstones. 

12.  The  condition  of  the  Iron  in  the  bleached  areas. 

13.  Exceptional  cases  of  secondaiy  variegation. 

14.  Qeneral  summary  and  conclusions,  viz. : — 

1st.  That  the  assumed  production  of  the  colouring  matter  of  red 
beds  from  the  decomposition  of  Iron  Pyrites,  appears  on  several 
grounds  untenable. 

2nd*  With  reference  to  the  action  of  fossil  Carbonaceous  matter 
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in  induoing  the  bleaching  of  red  beds,  tibe  mere  redaotum  of  ilia 
red  peroxide  to  a  lower  state  of  oxide  of  less  coloorisg  power  will 
in  none  of  the  oases  examined  acooont  for  the  fact  of  the  variegafcion  s 
an  increased  proportion  of  protoxide  to  peroxide  in  the  bleached 
portions  is  rarely  found,  and  a  material  increase  in  the  amomii  of 
protoxide  in  the  bleached  portions  never  ooonrrs. 

drd.  The  bleaching  induced  by  the  presence  of  oiganic  matter,  and 
nearly  every  form  <n  variegation  of  red  beds,  consuts  in  the  actual 
passage  of  tibe  oxide  of  iron  from  the  discoloured  areas,  unaccompanied 
by  any  change  of  combination,  excepting  the  invariable  conversion 
of  the  anhydrous  into  the  hydrated  peroxide. 

ith.  The  re-arrangement  of  Ibe  iron  in  variegated  beds  is  not 
through  the  agency  of  dissolution,  for  it  is  more  frequent  in  beds 
ooloured  with  the  insoluble  peroxide,  than  where  the  iron  occurs  as 
the  more  soluble  protoxide. 

5th.  The  dispersion  of  the  peroxide  of  iron  has  been  in  some  casea 
incited  under  a  variety  of  evident  conditions  independent  of  mere 
chemical  reaction,  and  in  other  cases  precisely  similar  changes  of 
position  of  the  colouring  oxide  seem  to  have  taken  place  arbitrarilv, 
nnoonnected  with  any  apparent  caase  or  condition ;  and  again,  m 
some  oases  the  fresh  location  of  the  moved  peroxide  of  iron  is 
evident,  whilst  in  others  the  disposal  of  the  iron  removed  from  the 
bleached  areas  is  difficult  to  account  for. 

6th.  This  rearrangement  of  the  colouring  peroxide  of  iron  is 
rarely  accompanied  by  any  other  change  of  position  or  state  of 
combination  of  the  other  constituents  of  the  stratum,  and  appears 
to  be  wholly  independent  of  its  chemical  constitution ;  in  short,  the 
movement  of  the  iron  seems  to  be  inexplicable  on  any  simple 
chemical  theory. 

7th.  The  motion  has  sometimes  taken  place  centripetally,  the 
peroxide  being  aggregated  to  a  nucleus  forming  the  centre  of  the 
area  of  discolouration,  and  sometimes  centrifugally  as  a  ring  of  ze« 
deposited  peroxide  around  the  bleached  patch. 

8tli.  Of  the  forms  of  variegation  due  to  simple  chemical  diange, 
miacoompanied  by  any  movement  of  the  iron,  the  most  frequent  is 
the  partial  conversion  of  the  Carbonate  of  protoxide  into  the 
hydrated  peroxide,  and  also  of  the  red  anhydrous  into  the  yellow 
hydrated  peroxide,  and  less  commonly  the  secondary  formation  of  the 
bisulphide ;  also  the  several  stages  of  decomposition  of  the  bisul- 
phide occurring  in  mechanical  association  with  the  peroxide,  in 
various  strata ;  and  lastly,  the  infiltration  of  lime  and  magnesia  into 
red  beds. 

9th.  Some  of  the  more  complicated  forms  of  variegation  of  red 
beds  appear  to  be  the  joint  result  of  the  phenomena  of  segregation, 
and  changes  of  combination  whi(^  may  have  proceeded  simultane- 
ously or  in  succession. 

10th.  The  ferruginous  banding  of  yellow  sandstones  appears  to  be 
the  result  of  the  segregation  of  the  hydrous  peroxide  of  iron  into  lines 
which  are  invariably  adjacent  to  a  bleached  part  of  the  stratum  over 
which  they  have  advanced,  gathering  up  the  peroxide  of  iron  in 
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their  oonrse,  and  leaying  behind  them  an  exhausted  area  ;  this 
motion  has  sometimes  taken  place  in  the  plain  of  stratification. 
Occasionally  centrifugally  advancing  from  a  depleted  area,  more 
frequently  centripetally  towards  a  nucleus  which  it  ultimately 
environs  with  a  ferruginous  crust 

11th.  The  bleaching  of  the  Cambrian  slates  is  due  to  two  distinct 
causes,  viz.,  (a)  the  occurrence  of  light  bands  adjacent  to  inter- 
bedded  dark  green  layers,  to  the  actual  departure  of  the  greater  part 
of  the  colouring  oxide  without  any  increase  in  the  proportion  of 
protoxide  to  peroxide,  and  appears  analogous  to  the  local  bleaching 
of  red  beds.  (6)  The  conversion  of  blue  and  purple  slate  to  green 
in  large  fields  of  colour  by  the  conversion  of  most  of  the  peroxide  of 
iron  to  protoxide,  and  to  which  the  green  discolouration  adjacent  to 
the  dykes  of  intrusive  diabase  is  analogous. 

2.  "On  the  older  Rocks  of  South  Devon  and  East  Cornwall." 
By  Harvey  B.  Holl,  M.D.,  F.G.S. 

The  author  divided  the  rocks  of  the  district  to  which  the  com- 
munication referred  into  a  Lower,  Middle,  and  Upper  South  Devon 
Group,  and  stated  that  the  lowest  beds  were  brought  up  along  a 
line  of  country  extending  from  ^Dartmoor  by  Hingston  Down  to  the 
Brown  Willey  granite,  where  they  formed  a  broad  anticlinal  axis. 
These  rocks  are  unfossiliferous,  and  may  not  be  lower  in  the  series 
than  the  base  of  the  Hfracombe  group  of  North  Devon,  or  the  highest 
part  of  the  group  immediately  below  it,  the  latter  being  more  pro- 
bably represented  by  some  still  lower  beds  of  red  and  greenish  grits 
brought  up  to  the  surface  in  the  anticlinal  axis  of  St.  Breock's  Down 
further  to  the  west. 

The  Middle  South  Devon  Group  comprises  at  its  base  the  discon- 
tinuous calcareous  range  of  the  Looe  River,  St.  Germans,  Briokfort- 
leigh,  Ashburton,  and  Bickerton,  above  which  is  a  mass  of  blue  and 
claret-coloured  slates,  which  separates  it  from  the  upper  or  Plymouth 
and  Torbay  Range. 

This  calcareous  and  fossiliferous  group  is  succeeded  by  higher  beds 
of  Uiiie  and  claret-coloured  argillaceous  slates,  followed  by  hard,  red, 
micaceous  schists,  and  purple  and  greenish  grits,  which  constitute 
the  author's  Upper  South  Devon  Gtroup.  'These  rocks  are  very 
sparingly  fossiliferous,  and  probably  correspond  to  the  upper  and 
Morthoe  portions  of  the  Ilfracombe  series  of  North  Devon. 

The  uncomformable  position  of  the  Culm-measures  is  seen  in  the 
circumstance  that  they  rest  upon  difiisrent  parts  of  the  underlying 
Devonian  rocks ;  sometimes  on  the  limestones  of  the  Torbay  Range, 
sometimes  on  the  slates,  at  others  on  the  volcanic  rocks.  This  un- 
conformability  entirely  separates  the  older  rocks  of  South  Devon 
from  the  Carboniferous  System. 

The  occurrence  of  the  genus  Pteraspia  and  probably  CephalcLspia, 
with  FhyUolepis  ccncentricus  and  (?)  Holoptychius,  and  other  fish- 
remains,  appeared  to  the  author  to  go  a  good  way  towards  identify- 
ing these  Cornish  and  South  Devon  beds  with  the  Old  Red  Sandstone 
of  Scotland.  These  fossils  range  up  to  the  very  base  of  the  Torbay 
limestones. 
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Tte  ttDtihor  raferred  llie  wliofe  of  llie  lodn  treated  o^  wi&  fha 
ezogplioA  of  the  pmpla  and  greenish  griti  of  St  Breock's  Down  to 
tlie  HidAe  Devonian  Syatem,  and  considered  that  if  the  lower  or 
Linton  rocks  were  to  be  met  with  at  all  on  the  south  side  of  the 
Cnlm-tioiighy  it  would  be  in  the  high  gnnmd  which  Ibims  the 
watershed  of  West  OomwalL 

In  the  oondndiBg  pertion  of  the  paper,  Dr.  Holl  entered  upon  the 
palflBontological  relalwns  of  the  different  South  Devon  Gioupsy  and 
especially  those  of  the  PsIlMrwin  beds. 

GsoLOoioAL  SocisTT  ov  G&48Q0W,  Apiil  2nd,  1868. — The  fol« 
lowing  papers  were  read  :— 

L  "On  the  Post-Tertiaiy  Beds <rf Scotland."  By  the  Bev.  Henxy 
W.  Crosskey  and  Mr.  David  Bobertscm. 

This  paper  dwelt  upon  the  necessity  of  a  olaasification  of  the  Post- 
Tertiary  beds,  both  on  physical  grounds  and  with  refersnoe  to  their 
fossil  contents.  Five  disUnot  classes  of  Post-Tertiaiy  beds  were  in- 
dicated. (1)  Clays  indicating  the  extreme  range  of  odd,  and  witih 
the  most  intensely  Arctic  faima.  Among  these  tagf  be  jplaoed  the 
beds  at  Enrol,  Dalmuir,  Paisley,  Stovenston,  Lochgl^  KQdhattan, 
and  others.  At  a  new  bed  lately  investigated,  near  Millport,  the 
plates  of  an  Echinus,  new  to  science,  have  been  found.  Hie  aotiiors 
obtained  the  same  plates  from  some  old  beds  in  Norway,  but  are  not 
aware  of  its  occurrence  in  any  other  localities.  (2)  Clays  indicating 
a  moderate  depth  of  water,  and  largely  Arctic,  but  not  so  intensely 
northern  as  tiie  preceding.  Many  of  these  days  crop  out  at  hau 
tide  at  numerous  places  in  the  Frith  of  Clyde,  and  the  upper  parts 
of  many  of  the  clay-pits,  which  have,  in  their  lower  parts,  the  most 
arotic  fauna,  may  be  ranked  in  this  dass.  (3)  Clays  and  sands 
denoting  an  increase  of  warmth,  which  continued  until,  very  possibly, 
even  a  higher  temperature  than  at  present  prevails,  was  reached.  A 
typical  bed  of  this  class  occurs  in  the  Eyles  of  Bute.  (4)  Clays  and 
sands  in  which  the  fauna  approaches  very  nearly  to  that  now  preva- 
lent— the  only  difference  being  in  the  proportion  of  various  spedes. 
Examples  of  this  dass  may  be  seen  in  the  lower  part  of  the  section 
at  Irvine  Water  and  the  Ostrea  bed  near  the  Bridge  of  Allan.  (5) 
The  more  recent  raised  beaches— common  along  the  whole  coast. 
It  is  most  important  that  a  complete  list  of  spedes  should  be  drawn 
up  for  every  separate  locaUty,  and  the  authors  propose  to  insert  some 
special  catalogues  they  have  prepared,  in  the  next  part  of  the  Trans- 
actions of  the  Society. 

n.  '*  On  the  Surface  Qeology  of  the  District  round  Glasgow,  as 
indicated  by  the  Journals  of  certain  Bores."  By  Mr.  James  Bennie. 
— ^The  object  of  this  paper  was  to  communicate  the  results  obtained 
by  the  study  of  the  surface  portions  of  certain  bores  lately  made  for 
minerals,  in  order  that  the  attention  of  geologists  might  be  directed 
to  this  mode  of  research,  as  capable  of  supplementing  natural  sections, 
which  are  often  imperfect  from  not  exhausting  the  surface  deposits ; 
and  also  in  directing  inquiry  into  interesting  localities,  whidi,  from 
the  surface  being  flat,  nothing  could  be  known  except  by  direct 
boring. 
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The  journals  of  bores  referred  to  had  been  collected  exclnBhrdyl^ 
Mr.  James  Croll,  during  the  latter  part  of  last  summer,  before  leafioif 
for  Edinburgh  to  join  the  staff  of  Uie  Greological  Survey  of  SootknL 
These  might  be  arranged  into  three  divisions.     First, — ^those  bora 
which  prove  that  brea^  occurred  in  the  formation  of  the  BooUtt 
clay,  during  which  great  beds  of  such  water-formed  materiais  tt 
sand,  gravel,  or  mud  were  laid  down  upon  true  ice-made  dMi 
alternately  several  times  in  succession,  showing  thereby  that  tibi 
glacial  epoch  was  not  uniform  in  character  or  duration,  but  wm 
broken  by  compfu^tively  warm  periods,  during  which  water  instead 
of  ice  determined  the  character  of  the  deposits.     Some  of  the  fibOti 
which  proved  this  were  very  remarkable.     One  bore  at  Larkhall  bid 
in  section — brown  till,  8  feet;    sand,  gravel,  and  mud,  36  feet; 
brown  till  and  boulders,   17  feet;   sand,  3^  feet;  brown  till  and 
boulders,  26  feet;  mud  and  sand,  31  feet;  brown  till  and  boulden^ 
6  feet ;  from  which  it  is  evident  that  the  water  periods  were  not 
short,  when  36  feet  in  the  first,  and  3 1  feet  in  the  third  were  de- 
posited during  their  continuance.     Another  bore  in  the  Mains  of 
Garscadden  gives — first,  boulder  clay,  78  feet ;  then  follow  varioofl 
beds  of  sands,  gravels,  and  days,  127  feet ;  then  succeed  enough  of 
Boulder-clay  at  the  bottom  to  give  an  inter-glacial  character  to  the 
127  feet  of  aqueous  sediment  resting  upon  it.     Another  bore,  ib 
the  farm  of  Millichen,  gives  a  greater  variety.     In  it  there  aie, 
first — brown  clay  and   stones,  assumed  to  be  Boulder-day,  17 
feet;  various  beds  of  mud,  sand,  and  gravel,  150  feet;  brown  day 
aud  stones,  30  feet ;  gravel  and  sand,  6  feet ;  a  thin  bed  of  Boulder- 
clay,  6^  feet ;  another  great  water  period,  represented  by  66  feet  of 
sandy  mud,  and  then  at  bottom  Boulder-clay,  82  feet ; — ^in  all,  355 
feet,  which  is  certainly  a  remarkable  group  of  deposits.    Another 
bore  sunk  close  to  West  Millichen  farm  house  is  200  feet  in  depth, 
and  consists  of  five  beds  of  Boulder-clay  interlaced  with  four  beds 
of  sand,  one  of  which  is  45  and  another  53  feet  in  thickness.     Upon 
the  evidence  furnished  by  these  bores,  the  inference  might  be  justly 
drawn,  that  the  glacial  epoch  was  not  uniformly  glacial  throughout, 
but  was  broken  up  by  warmer  periods,  during  which  the  ice  became 
water,  and  instead  of  Boulder-day,  the  undoubted  dehris  of  ice,  sand, 
gravel,  and  mud,  the  forms  which  water-made  drift  assumes,  was 
the  only  sediment  possible. 

The  next  division  of  bores  reveal  the  existence  of  a  deep  trough 
or  hollow,  stretching  from  the  valley  of  the  Clyde,  near  Bowling, 
through  Garscadden,  the  Haughs  of  Balmore,  the  valley  of  Kelvin, 
and  roimd  by  the  south-eastern  end  of  the  Campsie  hiUs,  into  the 
valley  of  the  Forth,  by  Falkirk.  The  first  indication  of  its  exists 
ence  is  very  curious.  At  Duntocher,  the  surface  sand  was  cut  into 
by  the  workings  of  a  pit,  belonging  to  Mr.  Dunn,  at  a  depth  of  306 
feet,  whereupon  the  sand  rushed  into  the  pit  with  sudi  rapidity 
that  the  miners  with  the  greatest  difficulty  escaped  with  their  lives. 
This  proves  that  the  surface  strata  at  Duntocher  is  306  feet  deep. 
The  next  intimation  of  its  existence  is  from  a  bore  made  by  Messrs. 
Merry  and  Cunninghame,  on  the  faxm,  of  Dnuniy,  half-a-mile  west 
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of  GkkTscadddn  Hoase.    It  is  298  feet  in  depth ;  264  feet  consist  of 
Muid,  gravel,  and  mud,  with  83  feet  of  Boulder-clay  at  the  bottom. 
As  the  BurfiBU)e  of  the  ground  at  Dmmry  is  68  feet  above  the  sei^ 
lately  and  the  depth  of  the  bore  298  feet,  oonsequently  if  the  snifaoe 
depoBits  were  all  removed,  the  sea  woidd  stand  at  Drumrv  2S0  feet 
hk  depth.    The  knoll  upon  which  Gkursoadden  House  is  built  riset 
78  feet  above  this  bore.    It  is  probable,  therefore,  that  the  snr&oe 
deposits  under  the  house  are  376  feet  in  depth.    The  next  bore  in 
the  line  of  this  great  hoUow  is  that  at  the  Mains  of  Gkurscadden,  219 
feet  in  depth,  from  the  details  of  which  it  is  probable  that  tiiis 
hollow  had  an  existence  early  in  the  glacial  epoch.    The  next  deep 
bore  in  its  course  is  at  New  Eilpa^ck,  222  feet,  most  of  whidk 
was  sand  and  gravel.    Near  Eilmardinny  House  a  bore  was  driven 
to  the  depth  of  240  feet  without  reaching  the  rock.    The  next  is  the 
deep  bore  at  Millichen.    As  the  top  of  the  bore  is  134  feet  above  sea 
level,  and  the  bore  itself  355  feet  in  depth,  this  gives  221  feet  as  th^ 
actual  depth  of  the  bottom  of  this  hoUow  below  sea  leveL    The 
only  height  in  the  neighbourhood  of  which  we  are  certain  is  where 
the  Boman  wall  crosses  the  road  at  214  feet  above  sea  level,  which 
cooaequently  gives  435  feet  as  the  probable  depth  of  the  surface- 
deposits  under  the  Boman  wall.    So  we  may  be  certain  that  the 
Boman  navvies  who  dug  the  ditch  which  now  forms  the  only 
remains  of  the  wall,  were  in  no  danger  of  touching  the  rock-head  in 
their  excavation,  and  that  the  supply  of  raw  material  for  earthworks 
was  here  inexhaustible.    The  next  bore  is  that  at  West  Millichen 
already  detailed,  200  feet,  and  the  last  definite  bore  —  the  re- 
maining bores  being  imperfect  from  not  exhausting  the  surface,  or 
unsuitable  from  not  being  driven  where  the  hollow  is  deepest    The 
following  are  their  situations  and  depths : — Summerston,  150  feet, 
without  reaching  the  rock ;  Buchley,  127  feet ;  Torrance  of  Campsie^ 
108  feet ;  Springfield,  near  Kirkintilloch,  212  feet,  but  only  111  feet  is 
certain  suiface;  Inchbreck,  110  feet;  Auchenreoch  House,  62  feet; 
Qavell,  72  feet ;  Dumbreck,  120  feet,  without  reaching  the  rock,  but 
another  bore  near  the  same  place  reached  it  at  72  feet ;  Dennyloan^ 
bead,  92  feet;  Larbert  Junction,  120  feet;  Camelon,  near  Falkirk, 
lOi  feet ;  and,  finally,  at  Skinfiats,  within  a  mile  of  Grangemouth,  a 
bote  was  driven  through  the  estuarine  mud  to  a  depth  of  240  feet, 
without  reaching  the  rock.    As  the  surface  of  the  ground  at  Skin- 
flats  is  only  17  feet  above  sea-level,  the  surface  deposits  must  be 
more  than  223  feet  below  sea-level.     Such  is  the  strcmge  feu^  which 
these  bores  reveal — a  great,  deep  hollow,  fiEdrly  splitting  Scotland 
in  twain. 

The  third  series  of  bores  indicate  the  depth  and  character  of  the 
bottom  of  that  branch  of  the  glacicd  sea  which  extended  from  Paisley 
over  to  Garscadden,  a  distance  of  fully  five  miles,  in  which  space 
laore  than  50  bores  demonstrate  the  geography  of  the  glacial  sea- 
bottom  more  effectively  than  if  an  Admuralty  survey  of  it  had  been 
taken  when  it  was  yet  recent,  and  the  water  in  it.  It  is  shown  to 
hsTe  been  very  uneven,  as  much  marked  by  heights  and  hollows  as 
Kxy  boulder-hillocked  region  on  dry  land.    Nine  of  these  bores,  one 
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at  Candren,  two  at  WalkiugBhaw,  five  at  Blythswood,  and  one  in  tliB 
bed  of  the  Clyde  at  Xorth  Ban*  House,  went  through  BonldeT'Cln 
alone,  by  which  we  learn  that,  as  the  ground  is  flat,  they  ■wen  mu 
in  what  are  now  subterranean  hillocks,  but  which  were  onoe  nb- 
marine  ialands  or  shoals  in  a  sea,  depositing  mnd  aroond  then. 
Seventeen  bores— two  at  Candren,  nine  at  Walkingshaw,  one  it 
Blythswood,  three  at  the  Bams  of  Clyde,  and  one  at  Blairdardigi 
went  through  sand  and  mud  only,  the  silt  of  the  glacial  sea  filling 
up  the  hollowB  between  the  Bubmeiged  hillooks  or  shoals.  Tha 
deepest  of  these  bores  are  at  Walkingshaw,  one  being  152  and 
another  159  feet  deep ;  and  one,  at  Shiels,  above  Beofrew,  114  ftct 
deep,  and  the  remainder  &om  80  to  100  feet  deep.  Nineteen  bora 
have  more  or  less  Boulder-clay,  sometimes  only  a  few  feet,  at  other 
times  more  than  half.  At  Craigielee,  near  Paisley,  and  Gamieland, 
near  Renfrew,  rocks  come  above  ground,  and  these  most  have 
been  sunken  rocks  at  that  time,  against  which,  doubtless,  msny 
an  ice-beig  struck.  From  these  facts  it  is  clear  that  the  bottom  i^ 
the  glacial  sea  was  extremely  undulating,  as  much  so  as  any  modem 
land  Burfaoe.  Into  the  hollows  of  the  mud  of  the  glacial  sea  the 
washings  of  these  very  hillocks  were  deposited,  and  in  them  lived 
the  boreal  shells  which  have  made  this  region  so  famous  in  Fost^ 
Tertiaiy  geology.  J.  A. 


C!0K.KESF01T3DEI<rCE. 

L— HORIZONTAL  PEE3SDRE   AMD  VERTICAL   DISPLACEMEST. 

Sib, — In  the  March  number  of  the  Magazine  I  made  a  few  ob- 
servations on  the  probable  connection  between  the  vertical  force  of 
gravitation  in  a  sphere  with  the  horizontal  force  that  appears  to 
have  produced  slaty  cleavage. 

The  converse  of  this  proposition  is  well  illustrated  in  the  dis- 
tortion of  an  old  brick  wall  at  Shiffnal,  in  this  county,  represented 
in  the  accompanying  engraving,  in  which  the  coping  has  risen  &om 


its  vertical  support  and  ranged  itself  into  an  arch,  leaving  a  vacant 
space  underneath.  The  mortar  joints  had  evidently  been  expanded 
by  frost,  the  length  of  the  coping  thereby  increased,  and  the  expan- 
sion being  horizontally  resisted,  the  increased  length  was  compelled 
to  expand  itself  as  a  curve. 
The  case  seems  strictly  analogous  to  what  might  take  place  in  the 
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smst  of  the  earth,  and  seems  to  bear  out  the  views  of  the  late  D. 
Sharp,  on  the  direction  of  slaty  cleavage. 

The  applicability  of  this  illustration  was  first  suggested  to  me  in 
a  note  from  the  Bev.  0.  Fisher,  referring  to  my  recent  letter  in  the 
Magazme,  on  "  Oravitation  and  Horizontal  Compression,"  in  which 
he  observes,  ''  I  find  that  if  you  take  into  consideration  a  spherical 
shell,  of  moderate,  say  a  few  miles,  thickness,  and  conceive  it  for  a 
moment  unsupported  by  the  matter  within,  then  the  horizontal  prai- 
smre  upon  any  two  sides  of  a  cubical  element  of  this  shell  will  be 
equal  to  the  weight  of  a  column  of  rock  of  the  same  density  and 
half  the  length  of  the  earth's  radius.  This  would  be  sufficient  to 
crush  any  strata,  and  is,  I  believe,  the  force  to  which  the  elevation  of 
mountains  is  due." 

If  you  also  take  into  consideration  the  effects  of  even  the  slightest 
inequality  of  local  horizontal  expansion,  due  to  heat,  its  resolution 
vertically,  in  an  arched  form  (bulging),  would  account  for  the 
fullest  amount  of  displacement  observed  in  the  earth's  crust  Take 
a  segment  of,  say,  only  a  hundred  miles ;  an  expansion  of  bat  f^ 
part  of  its  length  would  produce  a  vertical  elevation  of  several 
hundred  feet  at  its  centre. 

The  late  D.  Sharp's  observations  (Quart  Joum.  of  the  OeoL  Soc., 
vol.  iii.,  p.  74,)  tend  to  show  the  relation  between  the  dip  of  slaty 
cleavage  to  areas  of  elevation  in  its  apparent  radiation  from  the 
axis  of  upheaved.  If  the  slightest  abnormal  expansion  is  super- 
added to  the  uniform  horizontal  pressure  within  a  sphere  due  to 
gravitation,  it  appears  probable  that  the  direction  of  the  force  would 
determine  the  dip  and  direction  of  cleavage  plains. 

As  Mr.  Fisher  informs  me  he  has  recently  communicated  a  paper 
on  a  kindred  subject  to  the  Cambridge  Philosophical  Society,  I  for- 
bear, till  it  appears  in  print,  to  do  more  than  give  the  drawing  of 
the  displaced  wall-coping  in  further  illustration  of  the  suggestion  I 
threw  out  in  the  March  number  of  the  Magazine.        Geobox  Maw. 

Bexthaxl  Hall,  Bkoselbt. 
May  2nd,  1868. 

FOSSIL  PALM-LEAF  FROM  THE  EOCENE  OF  THE  ISLE  OF  WIGHT. 

Sib, — In  Room  I.,  Wall-case  6,  of  the  Geological  Gallery  of  the 
British  Museum  is  a  fossil  Palm-leaf  in  a  nodule  to  which  the  follow- 
ing label  is  attached  :  — ''  Flabellaria  lamanonis,  Brogn.  Eocene, 
Isle  of  Wight.  From  Dr.  Mantell's  Coll"-  fig^  at  p.  62  of  ManteU's 
fossils  of  the  Brit.  Mus.  1851."  The  locality  given  in  Dr.  Mantell's 
book  is  White  Cliff  Bay.  On  the  back  of  the  specimen  is  written  in 
pencil  "  Upper  Bembridge  or  Lower  Hempstead." 

Can  any  of  your  readers  state  the  exact  locality  and  bed  from 
which  this  specimen  came,  and  whether  any  other  specimens  have 
been  found  in  White  Cliff  Bay  ? 

Maj  14,  1868.  W.  STEPHEN  MiTCHSLL. 
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FISH  REMAINS  IN  THE  LOWER  DEVONIAN  OF   SOUTH  DBVOH 

AND  CORNWALL. 

Sib, — ^I  have  read  with  much  inteieBt  the  oommmdoation  of  the 
Bey.  K  Wyatt-Edgell  in  the  Gkolooical  Maoazinx  on  a  Pteras- 
pidian  plate  foond  by  his  son  the  late  Lieut.  Wyatt-Edgell,  at  Mud- 
stone  Bay,  South  Devon. 

As  I  was  the  person  who  detected  the  Pteraspidian  plates  in  the 
cabinet  of  Mr.  Pengelly,  at  Torquay,  and  sent  them  by  my  friend 
Mr.  Leonard  Lyell,  for  examination  by  Prof.  Huxley,  perhaps  I  may 
be  allowed  to  say  that  several  years  ago  the  icthyic  chuucter  of  these 
fossils  was  detected  by  Mr.  Pengelly,  who  only  laid  the  specimeDS 
aside,  as  supposed  sponges,  on  the  authority  of  Prof.  McCoy.  I  beg 
leave,  Sir,  tiierefore  to  suggest  that  the  Devonian  Pteraspis  dis- 
ooTered  years  ago  by  Mr.  Pengelly  be  named  after  that  gentleman, 
w^o  has  done  so  much  for  Devonian  geology,  and  who  but  for 
McCoy's  mistake  would  have  long  ago  made  known  the  existence  of 
a  Lower  Old  Bed  fish  in  the  Low^  Devonian  seas. 

W.  S.  Stmqnds. 
FiNDOCK  Rectory,  Tswkbsbu&t, 
12  JVay,  1868. 

NoTS. — ^Much  as  one  would  wish  to  see  the  new  Pteraspidian  fidi- 
plate  from  Devon  named  after  Mr.  Pengelly,  the  discoverer,  yet, 
according  to  the  laws  of  nomenclature,  we  are  bound  to  retain  for  it 
the  older  of  the  two  names  by  which  it  is  already  known.  It  must, 
we  fear,  remain  as  Pteraspis  (or  Scaphfispis)  Cormibicus,  McCoy,  sp. 
(See  Geol.  Mag.  for  May,  p.  248).  I  believe,  more  than  twenty 
years  ago,  that  veteran  geologist,  Mr.  Peach,  announced  the  dis- 
covery of  fish-remains  in  Cornwall,  in  the  Trans.  Boyal  GJeological 
Society  of  Cornwall,  being  the  identical  fossil  afterwards  called  a 
Sponge  (steganodidywm)  by  McCoy,  and  now  once  more  pronounced 
a  Fish  by  Prof.  Huxley. — Enrr. 


BxxAiNS  OF  THE  GiGANTio  Ibish  Dxeb  Cbmvus  meqacbros. — Our 
correspondent,  Mr.  G.  Henry  Kinahan,  M.B-LA.,  etc.,  of  the  Geo- 
logical Survey  of  Ireland,  landly  writes  to  informs  us  that  he  has 
just  heard  from  Mr.  William  Heneby  (carpenter),  Thomond  Ghite, 
Limerick,  who  has  obtained  a  skeleton  of  the  great  Irish  deer 
{Cerws  fuegaceros),  of  which  he  is  desirous  to  dispose  to  some 
Museum. 

Mr.  Kinahan  has  recommended  this  collector  to  various  persons, 
and  he  always  appears  to  have  given  satisfaction.  A  good  skeleton 
of  Cervus  megaceros  is  a  prize  not  to  be  lost  sight  of. — ^Edit. 
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L — On  ths  Influxnos  ov  tbe  Gulv  Stbxail 

rilHE  last  number  of  the  Obologioal  Haoazinx  contained  a  fm» 
X  lation  (by  Mr.  J.  K  Lee,  YAA^  F.G.S.,  of  Caerleon)  of  two 
lectnres  bj  Dr.  Oswald  Heer,  ''On  the  Miooene  Mora  of  tbe  Fdlar 
Begions,"  in  which  the  anthor  gives  the  results  of  his  investigalaaa 
of  the  fossil  plant-remains  from  the  Tertiary  deposits  of  the  north 
of  Canada,  BanVsland,  North  Greenland,  Iceland,  and  Spitzberges^ 
His  examination  has  led  him  to  oondnde  that,  amongst  uem,  thece 
were  nine  large  plants  of  the  fem  tribe,  78  kinds  of  trees^  and 
50  shrubs.  Among  these,  the  remains  of  the  beech  and  the  ehesi- 
nut,  like  those  of  our  own  island,  the  silver  fir,  spruce  fir,  and 
Scotch  fir,  the  white  pine  of  Canada,  the  Sequoia  of  California,  the 
cypress  and  Salisburia  of  Japan,  the  oak  of  temperate  N.  America^ 
the  poplar,  plane-tree,  birch,  tulip-tree,  the  walnut,  lime-tree,  and 
magnolia  have  left  their  remains  where  they  had  grown,  attesting 
a  once  temperate  climate  in  Tertiary  times,  where  now  fields  of 
snow  and  ice  (once  believed  to  be  eternal)  cover  the  length  and 
breadth  of  the  land. 

Dr.  Heer's  researches  have  been  carefully  considered  by  the  late 
President  of  the  Geological  Sodety  of  London  (Warington  W. 
Smyth,  Esq.,  M.A.,  F.K.S.),  in  his  anniversary  address  (21st  fV^hy., 
1868),  from  which  we  extract  the  followinsc : — 

"In  endeavouring  to  find  an  explanation  for  these  facts  now 
placed  so  distinctly  before  us,  Professor  Heer  has  examined  a  Ions 
series  of  the  hypotheses  which  have  from  time  to  time  been  aS 
vanced.  He  declines  to  admit,  for  a  moment,  any  supposition  of  the 
displacement  of  the  poles,  and  objects  to  the  older  views  as  well  as 
to  the  recently  propounded  theory  of  Mr.  J.  Evans,  F.B.S.,  which 
seeks  to  show  that  modifications  of  portions  of  the  earth's  crust  may 
be  attended  by  an  actual  movement  of  that  rigid  envelope  over  its 
internal  nucleus.* 

**  Far  more  important,  in  the  opinion  of  the  Swiss  botanist,  is  the 
speculation  so  admirably  reasoned  out  by  Sir  Charles  Lyell,  on  the 
dimatal  changes  which  must  be  produced  by  a  new  distribution  of 
sea  and  land.  And  yet,  granting  the  most  favourable  circumstances^ 
and  assuming  that,  instead  of  the  present  irregular  and  unequal 

^  For  abstract  too  Qbol.  Mao.  L866,  YoL  IIL  p.  171. 
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distribution  of  sea  and  land,  we  bad  tbe  continents  united  near  the 
equator,  and  only  scattered  islets  left  amid  great  oceans  in  the 
bigber  latitudes,  tbe  mean  annual  temperature  would  undoubtedly 
be  raised  in  no  small  degree,  but  not  sufficiently  to  admit  of  Hm 
growtb  of  a  ricb  vegetation  between  the  parallels  of  70  and  80 
degrees.  Tlie  very  fact,  however,  of  the  wide  distribution  of  this 
luxuriant  Miocene  flora  shows  that  a  large  area  of  land  was  then 
amassed  in  the  temperate  and  polar  zones,  and  consequently  that 
such  explanation  is  inadequate  to  account  for  the  facts. 

''Professor  Heer,  like  many  others,  is  much  tempted  by  the 
ingenious  inquiries  of  Mr.  James  Croll,  on  the  results  of  tbe  vary- 
ing eccentricity  of  the  earth's  elliptical  orbit.  The  present  tendency 
of  its  course  is  towards  the  form  of  a  circle,  and  in  23,912  years  it 
will  have  made  its  nearest  approximation  to  that  figure,  and  the  ex- 
centricity  will  be  at  its  minimum,  or  little  above  half-a-million  of 
miles.  At  the  present  time  the  linear  value  of  the  eccentricity  is 
three  millions,  and  when  the  orbit  attains  to  the  opposite  extreme 
of  form,  it  is  above  fourteen  millions  of  miles.  At  present,  also,  the 
earth  is  nearest  to  the  sun  during  the  winter  of  our  Northern  hemi- 
sphere, and  furthest  during  our  summer.  But  since,  in  the  mean- 
while, the  relative  position  of  the  line  of  the  apsides  and  that  of  the 
solstices  is  affected  by  a  movement  of  revolution  occupying  21,000 
years  for  its  completion,  our  northern  summer  will,  in  about  10,000 
years,  coincide  with  the  perihelion,  and  the  winter  with  the 
aphelion.  Now  when  this  latter  coincidence  takes  place  at  the 
time  of  maximum  excentricity  of  the  orbit,  the  hemispbere  so 
affected  must  suffer  an  unusually  high  degree  of  cold ;  the  moisture 
in  winter  would  be  precipitated  as  snow,  and  vast  masses  would 
be  accumulated  which  the  summer's  heat  would  be  unable  to  melt 

**  The  other  hemisphere  would  in  the  meanwhile  enjoy  a  temperate 
climate,  like  a  continual  spring.  It  has  been  calculated  that  such  a  con- 
currence of  these  elements  of  position  took  place  850,000  years  ago, 
giving  thirty-six  days  of  winter  in  excess,  a  mean  temperature  in 
the  latitude  of  London  of  126°  F.  for  the  hottest,  and  7^  for  the 
coldest  month,  and  when  it  appears  probable  that  the  Glacial  period 
was  in  force,  although  only  50,000  years  earlier,  when  the  excen- 
tricity was  at  a  minimum,  the  climatal  conditions  must  have  been 
entirely  reversed. 

"  Whilst,  however.  Professor  Heer  leans  to  the  opinion  that  some 
effect  from  these  latter  causes  may  have  combined  with  that  of  geo- 
graphical distribution  of  land  and  sea  to  produce  changes  of  climate, 
and  that  the  latter  is  probably  the  more  energetic,  as  it  is  also 
the  most  securely  deduced  source  of  action,  he  looks  further  for  as- 
sistance, and  suggests  the  passage  of  our  solar  system  through 
regions  of  varying  temperature.  This  hypothesis  was  examined  in 
detail  by  Hopkins,  in  his  admirable  paper  on  the  causes  which  may 
have  produced  changes  in  the  earth's  superficial  temperature,  more 
particularly  with  reference  to  its  being  assigned  as  an  explanation 

^  For  a  full  discussion  of  the  causes  of  TiciBsitudes  of  cUmateB,  vid$  Lyell*8  **  Prin- 
ciples,"  10th  edit  chap.  xii.  and  ziii. 


(hiOmb^tmrnm^tlmGdlfSinm^  S» 


of  tha  odd  of  Oe  GfacU  period,  ir  vUsk  be 
entirely  uisiiffiGiait.  Mr.  Hnpkim  iliowed  ei  Ae 
more  mig^  be  aid  in  &Toiir  of  a  mmnmmm  tbm  of  a 
peratme  aoquired  in  tbk  wmy,  bat  jet  tbi^  if  oar 
approedi  a  star  witfam  tibe  diitenoe  of  tbe  fdaaet  XcplHfte,  a  ean  ia- 
eompatible  with  the  oootinQed  f  liUfnw  of  Ae  aolar  sjifeeB  ia  ite 
preeent  fonn,  the  steUar  ladiatioa  voold  not  eead  to  Ae  eaitb  Madl 
more  than  a  thoosandth  pait  of  die  heat  whidi  die  deriree  fioB  Ike 
eon.  Tlie  inappinciable  increeeeof  temperttniederiTdilefioBdiie 
eouroe  renders  the  hypothesis  imtenaHe  so  long  as  bis  waanning  re- 
mains miimpngned. 

*«  In  order  to  estimate  £urly  the  dianges  wbidi  fliay  have  taken 
place,  we  mast  consider  the  seTerd  conditions  on  which  the  elimsle 
of  a  given  locality  is  dependent,  Tiz, : — 

1.  Its  altitude  abore  the  sea-leveL 

2.  Its  geographical  ladtnde. 

3.  Its  distribation  of  land-  and  sea  smfsieB. 

4L  Hygrometric  conditi<m  of  atmoqiheie^  dood-fannation  and 
lainfiilL 

5.  Hie  currents  of  the  air  and  sea. 

6.  The  internal  heat  of  the  g^obe. 

The  effect  of  the  latter,  being  at  present  valued  9^  only  -^^  C,  may 
bo  neglected  in  qaestions  relating  to  recent  periods,  although  it 
must,  in  all  probability,  have  formed  an  important  item  at  the  time 
of  the  more  remote  geological  events." 

The  distribution  of  land-  and  sea-surfaoes — ^the  hygrometrio  con- 
dition of  the  atmosphere,  cloud  formation,  and  rainfall — and  the 
currents  of  the  sea  and  air,  have  such  an  immediate  and  intimate 
connexion  with  one  another  that  they  cannot  be  treated  separatdy ; 
and  their  important  influence  upon  the  Flora  of  the  Polar  regicms 
deserves  to  be  specially  noticed — ^the  more  so,  as  they  have  been 
considered  by  Dr.  Heer  as  tnadegtiate  to  account  for  so  widely  dis- 
tributed a  flora  in  Miocene  times. 

From  our  knowledge  of  Tertiary  Plant-beds  in  other  parts  of  tiie 
world,  and  of  the  extremely  limited  areas  which  they  cover,  as  com- 
pared with  the  associated  marine  deposits  (the  Carboniferous  period 
alone  excepted),  it  seems  unneceesary  to  demand  for  the  Miocene 
Arctic  Flora  a  large  and  continuous  land-surface,  or  to  assume  that 
the  whole  Polar  region  enjoyed  a  luxuriant  Flora  ai  the  same  time  in 
precisely  similar  latitudes.  On  the  contrary,  we  have  every  reason 
to  assume  the  reverse  to  have  been  the  case. 

Take,  for  example,  two  parallels  of  latitude  at  the  present  day. 
Mr.  J.  F.  Campbell  (author  of  **  Frost  and  Fire")  writes  July  30, 
1864,  '*  Off  Little  Belle-isle,  air  48°,  water  40° ;  icebergs  in  sight 
when  the  temperature  was  taken,  wind  south.  Passed  near  a  small 
berg  which  rose  40  feet  out  of  water.  It  must  have  been  400  feet 
thick  and  200  long.  Passed  many  others  of  far  larger  size ;  somo 
were  guessed  at  200  feet  high,  and  were  certainly  160  feet  above 
water."  ^     This  is  in  the  same  latitude  as  London  1 

^  A  Short  American  Tramp,  p.  66. 
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Hr.  Redfield^  states,  that  in  1831  the  harbour  of  St.  John's^  Nen^ 
fimndland.  was  closed  with  ioe  as  late  as  the  month  of  June ;  jet 
who  ever  heard  of  the  port  of  Liverpool,  on  our  side,  though  2° 
&rther  north,  being  closed  with  ice,  even  in  the  depth  of  Winte? 
(Haury.) 

Again,  in  Baffin's  Bay,  on  the  west  coast  of  Oreenland*  the  ^aeien 
atretch  out  from  the  shore,  and  furnish  repeated  crops  of  mountainous 
masses  of  ioe  which  float  off  into  the  ocean.'  The  number  and 
dimensions  of  these  bergs  is  prodigious.-  Captain  Sir  John  Koss  saw 
several  of  them  together  in  Baffin's  Bay  aground  in  water  1,600  fed 
deep!  Many  of  them  are  driven  down  into  Hudson's  Bay,  and 
aooumulating  tiiere,  diffuse  excessive  cold  over  the  neighbouring 
continent ;  so  that  Captain  Franklin  reports,  that  at  the  mouth  of 
Hayes'  Biver,  which  lies  in  the  same  latitude  as  the  north  of  Prussia 
or  the  south  of  Scotland,  ice  is  found  everywhere  in  digging  wells, 
in  summer,  at  the  depth  of  four  feet  I ' 

How  comes  it  that  there  is  this  great  disparity  in  the  relative 
temperature  of  places  lying  in  the  same  parallels  of  latitude  ?  The 
explanation  is  to  be  found  in  the  prevalence  of  certain  winds  and 
oceanic  currents,  which  cause  the  isothermal  line  of  32^  F.  to  vary 
as  much  as  14^  of  latitude  in  passing  from  east  to  west,  as  shown  by 
Pvofessor  Dove.* 

By  fax  the  most  important  of  oceanic  currents  to  us  is  the  Gulf 
Stream.  It  is,  says  Captain  Maury ,^  '^  a  river  in  the  ocean  :  in  the 
severest  droughts  it  never  fails,  and  in  the  mightiest  floods  it  never 
overflows;  its  banks  and  its  bottom  are  of  cold  water,  while  its 
ourrent  is  of  warm ;  it  takes  its  rise  in  the  Gulf  of  Mexico,  and 
empties  into  Aix^tic  seas.  There  is  in  the  world  no  other  such 
majestic  flow  of  waters.  Its  current  is  more  rapid  than  the  Missis* 
sippi  or  the  Amazon,  and  its  volume  more  than  a  thousand  times 
greater.  Its  waters,  as  far  out  from  the  Gulf  as  the  Carolina  coasts, 
are  of  indigo  blue.  They  are  so  distinctly  marked  that  their  line  of 
juncture  with  the  common  sea-water  may  be  traced  by  the  eye. 
Often  one  half  of  the  vessel  may  be  perceived  floating  in  Gulf- 
stream-water  while  the  other  half  is  in  common  water  of  the  sea, — 
so  sharp  is  the  line,  and  such  the  want  of  affinity  between  those 
waters,  and  such,  too,  the  reluctance,  so  to  speak,  on  the  part  of 
those  of  the  Gulf-stream  to  mingle  with  the  littoral  waters  of  the 
sea." 

This  stream  is  about  25  miles  in  breadth  off  Cape  Florida,  whence 
its  width  increases  to  127  miles  oflf  Sandy  Hook,  whilst  its  depth 
diminishes  from  1000  feet  to  200  and  under  as  it  proceeds  north- 
wards. 

From  the  American  coast  and  the  banks  of  Newfoundland  it  is 
diverted  across  the  Atlantic,  reaching  the  Azores  in  about  78  days, 

^  Silliman's  American  Journal  of  Science,  vol.  xiy.  p.  293. 
^  Scoreaby's  Arctic  Kegiuns,  vol.  i.,  p.  208. 

*  Lyell'a  Principles,  10th  edition,  yoL  i.,  chap,  zii.,  p.  245. 

*  Lyell's  Principltv;  wvl.  i.,  p.  239. 

*  Pnyaical  Geography  and  Meteorology  of  the  Sea,  8th  edition,  1860,  p.  23. 
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after  Somng  neaziy  8000  geographioal  milei.  Our  own  khnds 
enjoy  its  warmth,  and  many  a  Spmda  and  LuUhima  is  oast  by  ita 
waten  on  our  weetem  shores. 

Sooresby  observed  its  inflnenoe  in  Spitzbergen,  in  Ihe  79^  of  K. 
latitade»  the  Olaciers  being  all  stopped  abmptiy  on  their  descent  to 
the  sea  by  the  remnant  of  heat  which  the  ocean  still  derives  from  thia 
flonroe ;  whilst  Dr.  Petermann  has  shown  that  the  stream  extends 
ieyand  Spitzbergen  along  the  coast  of  Siberia  to  an  open  sea  near 
the  pole.^ 

Mr.  CroU'  has  estimated  the  total  quantify  of  water  conveyed  by 
the  Onlf-streara  to  be  equal  to  that  of  a  stream  50  miles  broad  and 
1,000  feet  in  depth,  flowing  at  the  rate  of  four  miles  an  hour,  with 
a  mean  temperature  of  65°.'  Before  it  returns  from  its  nortfaem 
journey  he  concludes  it  has  cooled  down  at  least  25°.  Each  oubio 
foot  of  water,  therefore,  has  carried  from  the  tropics  upwards  of  1,500 
units  of  heat,  or  1,158,000  foot-pounds.  According  to  the  above 
estimate  of  the  size  and  velocity  of  the  stream,  5,575,680,000,000 
cubic  feet  of  water  are  conveyed  from  the  Golf  per  hoar,  or 
133,816,820,000,000  cubic  feet  per  day. 

Capt.  l£aury*s  and  Sir  John  Herschers  estinuiies  are  still  greater 
than  Mr.  Croll's,  the  calculation  of  the  formw  giving  6,166,700,000,000 
cubic  feet  per  hour,  and  the  latter  7,359,900,000,000  cubic  feet  per 
hour.    Sir  John  Herschel  estimates  the  temperature  at  86°  F. 

Principal  J.  D.  Forbes  has  calculated  that  the  quantity  of  heat 
thrown  into  the  Atlantic  Ocean  by  the  Gulf-stream  on  a  winter's 
day  would  raise  the  temperature  of  the  atmosphere  which  rests  on 
France  and  Great  Britain  from  the  freezing  point  to  summer's  heat.* 
Mr.  CroU  has  calculated  the  heat  received  by  the  earth  from  the  sun 
at  the  equator  at  the  time  of  the  equinoxes  as  equal  to  1,780,474 
foot-poimds  per  square  foot  of  surface  daily,  and  per  square 
mile  40,636,750,000,000  foot-pounds  daily.  But  this  represents 
only  9i^l„o  P&rt  of  the  quantity  of  heat  daily  conveyed  from  the 
tropics  by  the  Gulf-stream. 

At  the  very  time  the  Gulf-stream  is  rushing  in  greatest  volume 
through  the  Straits  of  Florida,  and  hastening  to  the  north,  there  is  a 
cold  stream  from  Baffin's  Bay,  Labrador,  and  the  coasts  of  the  north, 
running  to  the  south  with  equal  velocity.  This  current  is  ever 
flowing  inshore  on  the  North  American  sea-board,  and  beneath  the 
Gulf -stream,  but  does  not  mingle  with  its  waters. 

It  will  be  sufficient  to  remind  our  readers  that  the  great  cause  of 
these  currents  is  identical  with  that  which  produces  the  atmospherio 
circulation,  and  that  it  exercises  an  important  modifying  influence  in 
each  case,  llio  currents  of  the  waters  of  the  ocean,  however,  cannot 
travel  with  the  same  freedom  as  those  of  the  air,  being  constantly 
aflbcted  by  land-barriers,  which  deflect  or  impede  their  course.    To 

^  Lyell  Principlei,  p.  215. 

*  Trans.  Geol.  Soc,  Glasgow,  Tol.  ii.  p.  177. 

*  I«yell  gives  the  temperature  on  the  aathoritj  of  Prof.  Baohe  as  80*. 

*  Travels  in  Norway,  p.  202. 
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the  dinmal  rotation  of  our  earth  is  attributed  the  great  eqaatoriil 
ourrent,  which  traTerses  the  Pacific  in  a  vast  stream  nearly  3,500 
miles  broad.  Amongst  the  Asiatic  Islands  it  is  broken  np,  and  t 
part  turns  to  the  north-east,  supplying  the  Aleutian  Islanders  with 
timber  drifted  from  China  and  Japan,  while  the  main  stream  pasBOS 
on  through  the  Indian  Ocean,  and  finally  round  the  Gape,  and  rom 
northward  into  the  Atlantic.  This  current  travels  at  a  mean  rate  d 
ten  or  eleven  miles  in  twenty -four  hours  ;  hot  when  forced  through 
narrow  channels  it  acquires  a  much  greater  velocity.* 

Passing  inside  the  Lagullas  bank,  the  current  is  continued  along 
the  western  coast  of  Africa  in  a  northerly  course  until  deflected  by 
the  Guinea  coast,  when  it  strikes  across  the  Atlantic,  impinging  on 
the  coast  of  South  America,  south  of  the  Amazons,  with  whose  waten 
it  unites,  and  flowing  on  into  the  Carribean  Sea,  it  receives  a  vart 
acceleration  of  temperature,  and  again  departs  on  a  mission  to  the 
north  as  our  Gulf-stream. 

To  us  the  Gulf-stream  must  always  be  an  object  of  extreme 
interest  It  brings  us  genial  showers,  borne  by  the  south-westerly 
winds  from  the  surface  of  its  warm  and  steaming  waters.  It  carries 
the  temperature  of  summer,  even  in  the  dead  of  winter,  as  far  north 
as  the  Grand  Banks  of  Newfoundland,  and  there  maintains  it  in  the 
midst  of  the  severest  frosts.  It  is  the  presence  of  this  warm  water 
and  a  cold  atmosphere  in  juxtaposition  which  gives  rise  to  the 
"silver-fogs  "  of  Newfoundland,  one  of  the  most  beautiful  phenomena 
to  be  seen  anywhere  among  the  treasures  of  the  Frost-King.  Every 
west  wind  that  blows  crosses  this  stream  on  its  way  to  Europe,  and 
carries  with  it  a  portion  of  this  heat  to  temper  there  the  northern 
winds  of  winter.*  It  is  the  influence  of  this  stream  upon  the  climate 
that  makes  Erin  the  "  Emerald  Isle  of  the  Sea " — that  clothes  the 
shores  of  Albion  in  evergreen  robes,  and  encourages  the  Myrtle 
and  the  Magnolia  to  flourish  at  Mount  Edgcombe  in  the  open  air  all 
the  year — which  carries  West  Indian  seeds  to  the  Scottish  isles, 
wafts  the  floating  pteropods  of  the  tropics  to  the  latitude  of  Iceland, 
and  renders  the  fauna  of  Spitzbergen  richer  than  any  other  Arctic 
realm.  To  the  Gulf-stream  we  owe  our  greatness  as  a  nation,  and 
that  superiority  of  climate  of  which  we  have  just  spoken ;  for  if 
the  barrier  of  Panama  were  submerged,  as  it  has  been  at  a  compara- 
tively late  geological  time,  the  equatorial  currents  would  flow  on  to 
the  Pacific,  and  the  climate  of  England  would  become  like  that  of 
Newfoundland  or  Labrador, — if  not  colder.' 

Nor  is  it  merely  with  regard  to  their  influence  on  the  climate 
of  the  Arctic  and  Ant-arctic  regions  that  the  equatorial  current  and 
the  Gulf-stream  deserve  our  consideration ;  for  they  must  in  all 
ages  have  mainly  influenced  the  migration  of  marine  animals,  and  in 
no  small  degree  assisted  in  the  distribution  of  land  plants  and 
animals,  probably  playing  an  important  part  even  in  the  dispersion 
of  man  himself. 

1  Dr.  S.  P.  Woodward,  in  "Critic,"  1860,  No.  12. 
*  Maury,  p.  56. 
^        '  Dr.  S.  P.  Woodwaid,  in  «  Critic,"  1860,  No.  10. 
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From  the  foregoing  statements  it  will  be  seen  tliat  even  with  (lie 
■mall  amount  of  the  Golf-stream  directed  towards  our  shores,  how 
great  is  the  benefit  we  derive  ftom  the  warmth  whioh  its  waters 
impart  to  our  atmosphere  throughout  the  year.  If,  by  a  slight  altera- 
ation  of  the  trend  of  the  land,  its  main  body  Tnow  to  a  great 
Siztent  deflected  back  upon  the  N.  W.  coast  of  Africa)  were  compelled 
to  pass  northwards  into  the  Arctic  Ocean,  how  enormous  would  be 
the  influence  it  would  exert  on  the  climate  of  Norway,  Spitzbergeni 
and  Siberia! — Or,  on  the  contrary,  suppose  the  cold  northern  current 
to  descend  on  our  shores  and  the  fuU  force  of  the  Gulf-stream  to  be 
poured  upon  the  shores  of  Greeidand  and  Labrador,  unchecked  by 
the  banks  of  Newfoundland,  and  any  projecting  lands ;  again,  the 
Glaciers  of  these  ice-locked  lands  would  recede  to  their  highland 
retreats,  and  all  the  valleys  would  become  clothed  with  verdure, 
and  be  capable  of  supporting  the  vegetation  of  the  warmer  temperate 
regions,  now  only  found  there  in  a  fossil  state. — ^H.  W. 


n. — On  the  Eablikst  Fobhs  of  Braohiopoi>a  HiTHmtro  nis- 

OOVSBKD  IN  THS  BUTISH  PaLAOZOIO   BoOKS. 

By  Thomas  Datidson,  Esq.,  F.B.  8.,  F.G.S.,  etc. 
[PLATES  XV.  A  XVI.] 

THE  study  of  the  earliest  fossiliferous  rocks,  as  well  as  that  of 
their  animal  remains,  has  been,  and  will  be  for  a  long  time 
to  come,  a  subject  of  very  considerable  interest,  and  one  that  has, 
especially  during  the  last  few  years,  attracted  the  keen  attention 
of  several  experienced  and  conscientious  observers.  Many  have 
been  the  observations  assembled  in  connection  with  the  direct 
order  of  superposition  and  relative  age  of  the  various  rocks  com- 
posing the  Cambrian  and  Lowest  Silurian  deposits,  as  well  as  in 
seeking  out  all  the  data  that  could  be  obtained,  so  as  to  enable 
the  palaeontologist  to  attempt  a  correct  diagnosis  of  the  very  earliest 
known  ancestors  of  many  of  our  fossils.  I'he  discoveries  effected  by 
Sir  W.  Logan  amongst  the  '  Laurentian '  rocks  of  North  America  (as 
stated  by  Sir  R.  I.  Murchison)  "  constitute  the  foundation  stones  of 
all  Palaeozoic  deposits  in  the  crust  of  the  globe  wherever  their  forma- 
tions are  known  ;*'  and  with  what  keen  interest  has  not  the  Eoxwm 
been  welcomed  and  elaborated — the  oldest  animal  known  I 

The  important  discoveries  of  Barrande  amongst  the  *  Primordial 
rocks'  of  Bohemia  have  also  thrown  considerable  light  upon  the 
life  of  that  remote  period,  and  it  is  truly  wonderful  that  these 
animal  remains  should  have  been  preserved  to  us  in  so  complete 
a  manner  after  the  countless  ages  that  have  elapsed  since  the  time 
of  their  final  extinction.  The  creative  power  seems  to  have  been 
always  in  operation,  and  as  one  set  of  organisms  had  served  their  time 
and  purpose,  they  were  either  gradually  or  more  suddenly  modified 
or  replaced  by  others  more  suited  to  the  period  at  which  they 
were  called  into  existence.    Now,  setting  aside  the  Eozoon  as  the 
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oldest  animal  form  on  record,  it  becomes  most  interesting  to  seek 
ont  the  exact  period  at  which  the  next  animal,  or  series  of  uiimalB, 
made  their  appearance  in  the  waters  of  onr  globe.  It  will,  thers- 
fore  be  my  object  in  this  brief  communication  to  investigate  the 
earliest  Brachiopoda  that  have  been  discovered  up  to  the  present 
time  in  the  'Primordial  rocks'  of  Great  Britain.  I  had  hoped,  ft 
is  true,  that  my  friends,  Messrs.  J.  W.  Salter,  H.  Hicks,  T.  Bdft» 
E.  Williamson,  J.  Plemt,  and  same  others,  who  have  devoted  so  muflk 
time  to  the  study  and  elaboration  of  the  Cambrian  and  Lowest 
Silurian  rocks  of  North  and  South  Wales,  and  who,  during  tlieir 
lengthened  investigations,  had  assembled  so  many  specimens,  would 
have  likewise  completely  worked  out  the  new  species  of  Brachiopoda 
they  had  discovered  ;  but  as  a  desire  was  expressed  that  such  should 
be  done  by  myself,  I  will  now  endeavour  to  carry  out  their  wishes, 
although  'the  task  involves  a  certain  amount  of  difficulty,  from  the 
circumstance  that  several  of  the  species  are  very  minute  and  occur 
only  under  the  condition  of  internal  casts  and  more  or  less  perfectly 
preserved  external  impressions. 

It  would  not  be  possible  in  the  short  space  into  which  the  present 
communication  must  be  compressed,  to  even  refer  to  the  many  very 
important  geological  or  stratigraphical  labours  that  have  been  pub- 
lished upon  these  primordial  rocks  and  fossils  by  Sir  R.  L  Mur- 
chison,  the  Rev.  A.  Sedgwick,  Prof.  Ramsay,  Messrs.  Salter,  Hicks, 
Belt,  and  several  others ;  ^  but  with  the  kind  assistance  of  the 
last  two  named  gentlemen,  an  attempt  has  been  made  to  tabulate  the 
vertical  range  of  strata,  as  well  as  of  each  of  the  species  of  Brachio- 
poda, so  far  as  such  was  practicable,  and  I  will  consequently,  with- 
out further  preamble,  proceed  to  describe  the  various  forms  that  have 
come  under  my  notice  : — 

(Jenus  LiNGULELLA,  Salter,  1861. 

At  page  55  of  my  Silurian  Monograph  will  be  found  a  full  descrip- 
tion of  this  genus,  so  far  as  we  are  at  present  acquainted  with  its 
internal  characters.  I  was,  therefore,  somewhat  suri)rised  while 
reading  in  the  twenty-third  volume  of  the  Quarterly  Journal  of  the 
Geological  Society  (p.  341),  "that  I  had  shown  a  bad  example  by 
merging  LinguleUa  into  lAngula  (though  the  one  has  a  pedicle 
groove  and  the  other  has  not)."  If  I,  therefore,  revert  to  this,  no 
doubt,  unintentional  mistaken  statement,  it  is  simply  in  order  to  re- 
iterate that  I  adopt  LinguleUa  as  a  section  in  the  great  family 
Lingtdida,  and,  as  far  as  my  observations  extend,  that  all  the  speci- 
mens of  the  genus  hitherto  discovered  in  the  ancient  Pal«x)zoio 
deposits  of  our  British  Islands  would  be  referable  to  the  three 
following  species : — 

1.  LiNGULELLA  Da VISIT,  M*Ooy.    PI.  XV.  Fig.  13-15. 

This  is  the  largest,  but  not  the  most  ancient  species  of  the  genus 

^  Mj  thanks  are  also  doe  to  Messrs.  J.  Plant,  R.  A.  Eskrigge,  G.  H.  Morton,  D. 
Homfraj,  and  J.  C.  Barlow  for  the  communication  of  their  specimens ;  but  parti- 
enlarljr  to  Messrs.  H.  Hicks  and  T.  Belt,  who  have  presented  me  with  a  fine  and 
•ztensiTe  series  of  specimens  collected  bj  them  in  North  and  South  Wales. 
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cSdest  anhnre  at  present  acquainted ;  and  as  it  has  been  folly 
oitt  the  exaoiilurian  Monograph,  all  I  would  here  repeat  is  thai 
made  their  xisted  during  the  larger  portion  of  the  Middle  and 
fore  be  my  igs,  and  that  it  apparently  disappeared  at  about  the 
earliest  Bra3  '  Tremadoc  period.'  I  am  not,  however,  satisfied 
time  in  the»mplete  specimens  (PL  XY.  Fig.  9),  found  by  Mr. 
is  true,  that  division  of  his  *  Maentwrog  Group,'  do  really  be- 
E.  WiUiamsts  under  description.  Xr.  Davisii  is  very  abundant 
time  to  thedoc,  at  Whitesand  Bay,  St  Davids,  and  in  several 
Silurian  roc 
lengthened  i  pkbbuoikka,  Salter.    PL  XV.  Fig.  1-8. 

~^^  }^^^}*nmculu8,  Salter.  Beport  of  the  British  Association, 
^''J  u  *^866  =  L.  ferruginea  and  L.  fermginea  var.  ovalis, 
^^^^^^y^iarterly  Journal  Geol.  Soc.  (Vol.  xxiii.  p.  340),  1867. 

drcumstano^^^^  ^^  ^^^  correctly  described  and  illustrated  by 
only  under  fSj  &s  far  as  we  are  aware,  the  earliest  Brachiopod 
preserved  e!®^»  ^^^  ^®  specimens  (PL  XV.  Fig.  2*'*)  were 
It  would  ^^  ^^  ^^®  ^^^  ^^®  ^^  ^^®  purple  and  red  rocks  of 
communicatfP  ^^  Sedgwick,  which  directly  underlies  the  Mene- 
important  a^west  Lingula  flags,^  and  whore  it  does  not  appear 

lished  upon 

ohison,  me  ^^^^  l^indly  examined  and  prononnced  by  you  (Mr.  Dayidson^  to 
"RaU  a  ^  recently  found  by  me  at  Porthclais  Haroour,  near  St.  David's, 
iseib,  ana  g^^^  belonj^ini^  to  the  pnr|>le  and  red  Cambrian  rocks,  exposed  in 
last  two  na?at  the  yerrbase  of  a  series  looked  uponastheequiyalentof  the 
vertical  randgwick  and  of  the  Upper  Longmynds  of  Morchison,  and  directly 
poda,  so  fai^  ^^  ^"^  shales  like  those  or  North  Wales  and  Shropshire. 
*  .  X?  .,  re,  is  about  1200  feet  lower  in  the  series  than  the  specimen 
out  lunner  ^^^^  ^^^^  myself  in  the  Quarterly  Journal  of  the  Geol.  Soc 
come  under  was  found,  as  there  stated,  in  one  of  the  red  beds  of  the 
series;  and  also  about  900  feet  lower  than  the  fauna  subse- 
jy  me  in  the  intermediate  beds,  consisting  of  new  species  of 

At  page  ^xidetf  Microdiicus^  Theca^  Agnottus^  and  Lucina,  It  is  un- 
tion  of  thi^  Brachiopod  hitherto  found :  and  it  furnishes  one  of  the  first 
internal  oh-^^*  7^^  ootained  (next  to  the  minute  Ehizopod  Eozoon)^  of  so 
,.  .  'ce  of  animal  life  upon  our  globe;  lob- worms  and  fucoids  cluim, 
reading  m  \itiquity,  but  tiiey  are  not  of  so  high  a  form  of  organization.  The 
Oeological  cdes,  in  addition  to  the  aboye-mentioncd  species  of  Conocoiyphe, 
Viemng  L^i^^  trilobite  (PaUtopyge  Ramtayi)  found  by  Mr.  Salter  in  the 
iffoove  and*®  ^^'I'^'^own  Oldhamia^  at  Bray  Head.  These,  inclusiye,  com- 
5^L«.  •_jet  discoyered  in  the  enormous  series  interyening  between  the 
OOUbt,  unirfa  the  Menevian  group."— (H.  Hicks). 

iterate    tha  Group,'  along  with   X.  fermginea  in    addition  to  the  other 
lAngtdida  i®  ^^V  to  be  described  in  this  paper,  the  following  fossils  hare 
mens  of  'tl*  P^^^^^^i^  Davidis;   P.  Ricktii;  P.  aurora;  Omocoryph$ 
.         .  ro9a;  (7.  applanata  ;  C.  bufo  ;  Microditeu^  punciatus  ;  Anopcienua 

aepOSltS  Ol,'  ^  Erinnyi  {Harpides)  venuhaa ;  Holodphalina  primordialit ; 
following  ^A.  Barrandii:  A.  Etkriggii ;  Leperditia  Molvensis  \    L.  vexata: 

1.  LlNGf'*''*  P.JUMla;  P.  diffusa  :  ProtocyttUea^  k^.  \  Theca  eorrugata  ; 

i|^.    .     .dtima  ;  SUnotheca  cornucopia  ;  Cyrtotheea  hamula ;  etc.,  etc.     I 

laia  18  t^xA  the  reader  that  it  is  interesting  to  notice  how  important 
iS  group  has  become  within  the  last  few  years.     In  1862  Mr. 

*  My  thank  finding  fraements  of  Paradoxidet  and  another  Trilobite  Micro^ 
Homfray,  andf  St.  Bario^s,  and  these  were  the  first  indications  obtained  of  the 
eolarl^  to  M^.  In  the  following  year  Mr.  Hicks  succeeded  in  discovering  no 
«xtensiTe  leri^w  ipedos  in  theM  oedsi  theie  now  form  the  great  and  well- 
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to  be  very  scarce,  but  the  beds  are  much  cleaved,  and  the  colour 
ia  not  in  any  way  favourable  to  the  exhibition  of  the  characters 
of  so  thin  a  shell.  L.  ferruginea  is  a  small  shell,  rarely  much  ex- 
t^eedi^g  two  and  a  half  lines  in  length  by  some  two  in  width.  In 
external  shape  it  is  ovate,  oblong,  widest  about  the  middle,  broadly 
rounded  in  front,  sides  nearly  parallel  for  some  distance,  while  the 
beak  is  obtusely  pointed.  The  valves  are  also  very  slightly  convex, 
and  marked  with  concentric  lines  of  growth. 

After  an  attentive  comparison  of  the  single  example  of  the  variety 
ovalis  with  a  number  of  specimens  of  L.  ferruginea  from  the  *  Mene- 
vian  Group,'  I  was  quit«  at  a  loss  to  make  out  any  distinctive  features, 
and  I  find  that  Mr.  Salter  himself  does  not  fail  to  observe  that  his 
Variety  is  not  to  be  distinguished  from  the  other,  "  except  by  the 
firont  of  the  front  edge,  which  is  rounded  off  and  not  squared  at  all." 
However,  this  last  character  cannot  be  considered  of  any  importance, 
for  I  have  specimens  before  me  of  a  similar  size  of  L.  ferruginea, 
^hich  have  the  front  quite  as  much  rounded  off  as  is  seen  to  be  the 
case  in  the  single  example  of  the  var.  ovalis.  There  can  also  be  no 
doubt  as  to  the  shell  originally  termed  unguiculu8  (in  1865),  being 
the  same  species  as  the  L,  ferruginea  described  in  1867.  L,  ferruginea^ 
it  is  true,  like  most  of  its  congeners,  varies  slightly  in  its  shape  in 
different  examples ;  some,  therefore,  have  their  front  a  little  more 
rounded  than  others,  and  the  posterior  portion  converges  rather  more 
in  some  individuals  than  it  does  in  others.  After  a  very  minute  study 
of  a  number  of  specimens  submitted  to  my  examination  by  Messrs. 
Hicks  and  Belt,  it  appeared  to  me  that  the  shell  under  description 
made  its  first  appearance  in  the  lowest  beds  of  the  Harlech  period, 
and  continued  to  live  during  the  whole  of  the  *Menevian'  or  'Lower 
Lingula  flags,'  and  was  very  probably,  if  not  certainly  still  existing, 
during  the  period  of  the  deposition  of  the  Middle  and  Upper  Lingula 
flags ;  for  several  examples  much  resembling  Salter's  species  were 
met  with  by  Mr.  Belt  in  his  '  Dolgelly  and  other  divisions  (?).'  This, 
however,  must  still  remain  an  undecided  question,  for  several  speci- 
mens of  L.  lapis  can  hardly  bo  distinguished  from  L,  ferruginea,  and 
in  this  predicament  wo  find  the  small  specimen  found  by  Mr.  Hicks 
at  Rhyw-felyn,  near  Mawddach,  North  Wales  (PI.  XV.  Fig.  7).  Z. 
ferruginea  occurs  in  the  '  Menevian '  rocks  of  St.  Davids,  as  well  as 
at  Camlan,  Tafern  Helig,  Waterfall  Valley,  near  Maentwrog,  and 
several  other  places  in  North  Wales,  also  in  the  Harlech  grits  of 
Solva  and  St.  David's. 

3.  LiNGULELLA  L^pis,  Salter.     PI.  XV.  Figs.  10-12. 

Memoirs  of  the  Geological  Survey  of  Great  Britain  (Vol.  iii. 
pp.  334,  fig.  11,  1866). — This  species  appears  to  slightly  exceed 
Z.  ferruginea  in  its  dimensions,  and  is  perhaps  wider  in  proportion  to 

known  fanna  of  tho  *  Menevian  Group,'  which  has  been  proved  subsequently  to 
extend  not  only  through  much  of  the  N.-West  of  Pemorokeshire,  but  also  in 
various  districts  in  North  Wales,  and  always  to  contain  the  same  species  as  those 
first  found  in  the  district.  Mr.  T.  Belt's  valuable  researches  on  the  *  Lingula 
Flags '  will  be  found  recorded  in  Vols.  IV.  and  V.  of  this  Maoazinb. 
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its  length,  bat,  in  other  respects,  does  dosely  approach  in  external 
shape  to  the  shell  last  described.  Thanks  to  ihe  kindness  of  Mr. 
Homfray,  I  have  been  able  to  examine  a  very  interesting  series  of 
specimens  of  this  species  which  he  had  obtained  from  the  '  Lower 
Tremadoc '  at  Penmorfa  Church,  near  Portmadoc,  in  North  Wales. 
It  is,  however,  much  to  be  regretted  that  the  shell  rarely  presents  its 
true  or  normal  condition,  having  been  much  distorted  during  the 
process  of  fossilization. 

Genus  Lincfula,  Brugnifere,  1789. 

Well-authenticated  species  of  Lingula  do  not  appear  to  have  been 
discovered  lower  down  than  the  'Middle  Lingula  flags,'  where  the 
genus  would  be  first  represented  by  Z.  squanwsa — it  is  true,  a  badly- 
made-out  species — while  Z.  pygmea,  another  uncertain  species,  was 
found  in  the  *  Upper  Lingula  flags.'  In  the  *  Arenig  or  Skiddaw 
Group  '  we  have  L.  petalon,  but  it  is  chiefly  in  the  '  Llandeilo  flags  ' 
that  the  genus  begins  to  be  represented  by  such  shells  as  L.  aUenuata^ 
L.  hrevis,  L.  graniUata,  L.  Bamsayif  and  one  or  two  others. 

LmouLA  PETALON,  Hicks,  M.S.     PI.  XV.  Fig.  16. 

Shell  small,  broadest  about  the  middle,  from  whence  it  becomes 
rapidly  obtusely  rounded ;  valves  much  flattened  and  marked  by  con- 
centric lines  of  growth ;  length  6,  width  4^  lines. 

Tliis  shell  was  found  for  the  first  time  in  1864,  by  Mr.  Hicks,  in 
the  Upper  and  Lower  Arenig  or  Skiddaw  group,  at  Whitesand  Bay, 
near  St.  David's ;  also,  subsequently,  in  the  same  formation  in  Eamsay 
Island,  and  Tremanhire,  but  in  no  other  group.  It  much  approaches 
in  shape  to  some  forms  of  L.  attenuata,  but  this  last-named  shell  is 
usually  larger  and  more  elongated. 

Genus  Obolella,  Billings. 

In  1861  Mr.  Billings  proposed  the  genus  Obolella  with  the  follow- 
ing diagnosis  :  "  Shell  oval,  circular  or  sub-quadrate,  convex,  or 
plano-convex.  Ventral  valve  with  a  false  area,  which  is  sometimes 
minute,  and  usually  grooved  for  the  passage  of  the  peduncle.  Dorsal 
valve  either  with  or  without  an  area.  Muscular  impressions  in  the 
ventral  valve,  four :  one  pair  in  front  of  the  beak,  near  the  middle  or 
in  the  upper  half  of  the  shell,  the  other  pair  situated  one  on  each 
side  near  the  cardinal  edge.  Shell  calcareous,  surface  concentrically 
striated,  sometimes  with  thin  expanded  lamellose  ridges.  In  genend 
form  these  shells  somewhat  resemble  OboluSy  but  the  arrangement  of 
the  muscular  impressions  is  different.  In  OboltiSy  the  two  central 
scars  have  their  smaller  extremities  directed  downwards,  and  con- 
verging towards  each  other ;  but  in  this  genus  the  arrangement  is 
exactly  the  reverse."  Such  is  Mr.  Billings's  diagnosis,  but  I  fear  it 
will  require  some  little  modification  in  its  details,  if  it  is  to  comprise 
0.  chromatica  (the  type),  0.  ?  polita,  0,  desiderata,  O,  Sagittalis,  O, 
maculata,  O,  ?  Salteri,  and  several  other  species.  Unfortunately  tlie 
American  material  in  my  possession  is  not  sufficiently  complete  to 
enable  me  to  determine  the  point  in  question ;  the  interior  of  one 
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of  Ou-valTMof  D.ilntfinito  being  the  only  onfi  I  have  booB  abUto 

ozuniBe,  aad  of  which  I  hen  append  yv 

a  figure.  The  interior  of  0.  paiil*  will  ^^ 

be  fonnd  figured  in  the  IGth  Annual  ^^^  ^ 

Beport  of  the  Begenta  of  the  University 

of  the  SUte  of  New  York  for  1863,  and 

pome  complete  iUostratiooB  of  both  i 

valves  of  O.  SagilialU  Are  here  given.  I 

Having  sent  drawings  of  these  last  to  I 

Hr.  Billings,  he  wnite  book,  "Your I 

figures  show  the  four  nitucular  soars  * 

of  Oioklia,  but  their  proportions  are 

quite  different  from  those  of  0.  ebv- 

malua,  0.  d»»id«rtUa,  and  0.  JkHI*-    In 

Hall's  figuree  of  0.  poUta.  the  musoolar  >;  J."^  t^^'i^TiSiSV:^ 

■oars  agree  with  those  of  my  species  as       maixOad. 
nearly  as  two  forms  of  the  same  genua  osually  do,  but  the  two  kh 
tenor  scars  are  vastly  larger  in  proportion  to  the  aiza  of  the  ibdl^ 
than  they  are  in  0.  Sagitlclii."    I  cannot,  however,  find  any  hiiu* 
area  in  the  last-named  shell,  nor  groove  for  the  passage  of  a  ped^U) 
this  being  visible  only  so  fitr  as  I  ean  make  it  out  in  0.  ?  polila. 
Obolilu  Saoittalis,  Salter,  U.S.    Fl.  XV.  Figs.  17-24. 
Named  only  in  tho  Beport  of  British  Association  (p.  285),  1865. 
Diieina  labioia,  Salter,         ditto.  ditto. 

Bhell  small,  rarely  exceeding  two  and  a  half  lines  in  length  and 
breadth;  almost  circulai-,  rather  broader  anteriorly,  front  broadly 
rounded,  beak  in  the  dorsal  valve  slightly  obtusely  pointed,  posterior 
mai^n  in  the  ventral  valve  nearly  straight  or  slightly  indented  in 
the  middle.  Valves  convex,  and  more  or  lees  deeply  marked  by  con- 
centric lines  or  ridges  of  growth.  la  the  interior  of  the  dorsal  valve 
two  rather  large,  irregularly  circular,  projecting  scars  (o.,  PL.  XV. 
Fig.  19]  are  situated  close  to  the  posterior  margin,  and  separated  by 
a  moderately  elevated  tongue-shaped  ridge  which  extends  to  aboat 
two-thirds  of  the  length  of  the  valve  {e),  and  on  either  side,  at  aboot 
half  the  length  of  the  valve,  are  two  smaller  oval-shaped,  divaii* 
eating,  slightly-prominent  scars  {h).  (In  the  oast  these  projeotiona 
form  corresponding  depressions,  but  they  vary  considerably  in  thesr 
minor  details  according  to  age  and  specimen.)  In  the  interior  of  the 
ventnl  valve,  two  oval-shaped,  obliquelyplaoed  soon,  smaller  than 
the  corresponding  ones  in  tho  opposite  valve,  and  more  widely 
separated,  lie  also  close  to  the  posterior  margin  (a).  A  littb 
lower  down,  two  rather  larger,  but  very  slightly  marked,  scars  may 
be  noticed  ;  while  between  the  four  muscular  impressions  a  projeoU 
ing  A-shnped  ridge,  with  most  elevated  portion  (o)  in  the  middle 
lies  between  the  first-named  scars,  and  leaves  in  the  cast  a  deepish 
angular  depression  which  assumes,  at  first  sight,  reoemblonoe  to  an 
apicial  foramen. 

This  well-marked  species  was  named  by  Mr.  Salter  in  1865,  but  was 
not  figured  or  described.  It  is  tolerably  abundant  under  the  oondition. 
of  internal  casts,  which  are  sometimea  vecj  abiXftVj  mask!i&,  wt  ^dosk^ 
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I  tmst;  I  have  been  able  to  define  its  internal  characteiB  in  a  suffi- 
ciently satisfactory  manner.  I  was,  moreover,  able  to  demonstrate 
that  the  so-termed  Biscina  labiosa  had  been  established  on  the  internal 
cast  of  the  ventral  valve  of  the  species  under  description.  This  I 
ascertained,  beyond  doubt,  first  from  finding  the  casts  of  both  valves 
of  0.  SagittaltB  abundantly  spread  over  the  same  slabs;  secondly, 
because  the  casts  agreed  exactly  in  their  respective  dimensions  ;  and, 
thirdly,  because,  having,  by  the  aid  of  guttapercha,  taken  moulds  from 
these  casts  attributed  to  D.  hhiosay  it  became  evident  that  the  hollow, 
supposed  to  be  due  to  a  foraminal  aperture,  was  nothing  more  than  a 
prominence  in  the  interior  of  the  shell,  cus  we  have  already  described  as 
existing  between  the  four  muscular  scars.  Now,  if  we  compare  the 
interior  of  the  dorsal  valve  with  the  corresponding  one  in  Crania,  we 
shall  find  in  both  the  same  large  scars  (a),  which  in  that  genus 
have  been  attributed  to  the  divaricator  muscle  (Hancock),  whilst 
those  marked  (b)  would  have  been  produced  by  the  occlusor  or  ad- 
ductor muscle,  and  if  the  animal  possessed  *  anterior  ooclusors,'  they 
would,  as  in  Lingula,  occupy  the  sides  of  the  projecting  tongue- 
shaped  ridge  at  the  place  marked  (c).  Here,  therefore,  as  in  Crania, 
the  divaricator  scars  are  larger  than  are  the  occlusor  or  adductor 
ones.  In  Oholua  the  scars  (6)  are  larger  than  those  marked  (a),  and 
in  addition  to  these  on  either  of  the  lateral  portions  of  the  interior  of 
the  valve  are  two  other  scars,  not  visible  here.  There  is  also  a  total 
absence  of  hinge -area  or  groove  for  the  passage  of  a  peduncle,  so 
constant  in  Oholus,  Nor  do  we  find  any  trace  of  that  flattened 
internal  margin  which  surrounds  the  valves  in  Crania.  If  we  again 
compare  the  interior  of  the  ventral  valve  with  that  of  Crania,  we 
should  in  both  cases  refer  the  scars  (a)  to  the  divaricator,  while  the 
feebly-marked  ones  {li)  would  be  attributable  to  the  occlusor. 

Position  and  locality,  —  From  the  researches  of  Messrs.  Hicks, 
Salter,  and  Belt,  this  remarkable  and  characteristic  species  appears  to 
be  moderately  plentiful  throughout  nearly  the  whole  of  the  '  Menevian 
group,*  but  it  is  still  uncertain  whether  a  minute,  obscurely -marked 
specimen  found  by  Mr.  Hicks  in  the  upper  portion  of  the  *  Harlech 
group,*  and  which  underlies  the  *  Menevian,'  may  not  belong  to  the 
species  under  description.  A  still  more  minute  shell,  found  tolerably 
abundantly  by  Mr.  Belt  in  the  Lower  Tremadoc  beds  of  Craig-y- 
dinas  in  North  Wales,  if  not  totally  distinct  from  the  present  species, 
would  at  any  rate  constitute  a  well-marked  variety,  or  even,  perhaps, 
species ;  which  we  will,  at  least,  provisionally,  retain  under  the  dis- 
tinctive denomination  of  0.  Belli.  0.  Sagittalis  was  obtained  by 
Mr.  Hicks  for  the  first  time  at  Porth-y-rhaw,  and  subsequently  at 
Penpleidau,  and  several  other  places  near  St  David's,  also  by  Mr. 
Homfray  in  the  beds  of  the  Menevian  formation  at  the  Rheider 
Waterfall  Valley  and  other  places  in  North  Wales.  Mr.  Belt  obtained 
it  also  at  Gwynfynydd  and  in  several  other  localities  in  the  neigh- 
bourhood of  Dolgelly. 

Obolella  Belti,  Dav.     PL  XV.  Figs.  25-27. 

Shell  small,  less  than  a  line  in  length  by  about  one  line  in  breadth ; 
transversely  oval,  beak  acuminated,  front  broadly  roimded.     Valves 
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modenttdy  oonTex  and  maiked  by  oonoentrio  lines  of  growfh. 
Lower  Tremadoo,  Craig-y-dinas,  North  Wales.  The  internal  cha- 
XBcters  agree  pretty  closely  with  those  already  described  in   O. 

Obolella  xaoulata,  Hicks,  M.S.    PL  XYI.  Figs.  1-3. 

Beport  Brit  Assoc,  (p.  285),  1865. 

Shell  small,  transversely  oval,  valves  moderately  convex:  four 
lines  in  length  by  five  in  breadth  ;  beak  veiy  obtusely  acuminated, 
front  broadly  rounded,  greatest  breadth  at  about  the  middle  of  the 
shell;  surface  smooth^  marked  only  by  fine  concentric  lines  of 
growth.      Interior  incompletely  known. 

It  has  unfortunately  not  been  possible  to  ofier  a  description  of  the 
internal  characters  of  this  interesting  fossil.  I  have,  however,  at- 
tempted to  draw  what  little  was  clearly  observable  of  its  interior. 
O.  fnacdata  differs  considerably  from  0.  SagiUalis,  both  on  account 
of  its  much  larger  dimensions  and  very  transverse  shape.  The  shell 
appears  also  to  have  been  much  thinner  than  that  of  the  species  last 
named,  and  is  often  found  in  a  much  compressed  or  flattened  state  in 
the  rock  in  which  it  is  imbedded.  0.  maeulata  was  found  by  Mr. 
Hicks  to  occur  chiefly  in  the  middle  portion  of  the  'Menevian 
Group '  at  Porth-y-rhaw,  St.  David's.  Mr.  Belt  obtained  it  from  the 
'Lower  Mcnevian '  at  Camlan,  and  in  the  lower  portion  of  the  group 
at  Gwynfynydd  in  North  Wales. 

Obolella  ?  Salteri,  HoU.     PI.  XVI.  Figs.  8  and  9. 

With  reference  to  the  gonus  to  which  this  apparently  rare  species 
should  be  referred,  some  uncertainty  must  still  prevail,  for  we  have 
not  yet  seen  its  interior.  It  has  been  stated  to  occur  in  the  '  Upper 
Lingula  flags '  in  the  Malvern  district  Mr.  Belt  has  also  found 
some  specimens  which  I  cannot  distinguish  from  0,  f  Salteri  in  the 
'  Lower  Tremadoc '  at  Craig-y-dinas,  in  North  Wales.  There  would 
be  nothing  improbable  in  this  species  having  passed  from  the  Ffes- 
tiniog group  into  the  overlying  *  Tremadoc '  one. 

Genus  Obolus,  Eichwald,  1829. 

Obolus  f  plumbba,  Salter.  Var.  plicata,  Hicks,  MS.  PI.  XVL 
Figs.  6  and  7. 

While  describing  the  exterior  of  Obolus  ?  plumhea  at  p.  61  of  my 
Silurian  monograph,  I  felt  very  uncertain  as  to  the  propriety  of 
locating  it  with  Obolella ;  since  that  period,  through  the  kindness  of 
Mr.  Morton  of  Liverpool,  I  have  been  able  to  examine  the  interior 
of  one  of  its  valves  (PI.  XVI.  Fig.  6),  and  which  leads  me  to  infer 
that  the  shell  under  notice  is  more  nearly  related  to  Obolm  than  to 
OholeUa  ?. 

After  a  lengthened  study  and  comparison  of  a  smaller  form  sent  to 
me  by  Mr.  Hicks  under  the  designation  of  Ob.  plicata,  which  occurs 
sparingly  in  the  *  Lower  Arenig  or  Skiddaw  group  *  at  Tremanhire 
and  Ramsay  Islands,  near  St.  David's,  in  South  Wales,  I  could  not 
divest  myself  of  the  idea  that  this  last  was  nothing  more  than  a 
smaller  variety  of  the  typical  form  which  occurs  in  the  'Upper  Arenig' 
and  '  Lower  Llandeilo '  rocks  of  North  Wales.    In  external  shape 
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this  Yariety  '  plicata '  is  slightly  transversely  oval,  obtusely  acamif 
nated  posteriorly,  broadly  rounded  anteriorly,  while  the  laxigeot 
example  I  have  been  able  to  examine  did  not  exceed  four  lines  in 
length  by  five  in  width.  The  valves  are  slightly  convex,  and  marked 
by  numerous  fine  thread-like  radiating  bifurcating  strise.  No  suffi' 
ciently  perfect  interior  having  been  discovered,  I  cannot  attempt  to 
describe  its  internal  characters,  but  I  have  drawn  the  obscarely- 
marked  impressions  observable  on  a  single  internal  cast  that  has 
fiallen  under  my  notice.  I  must  also  here  observe  that  Mr.  Hicks 
admits  the  possibility  of  his  0.  plicata  being  a  small  variety  of  0. 
plumhea. 

Genus  Eutorgina,  Billings,  1861. 

The  characters  of  this  genus  (?)  have  not  yet  been  discovered  or 
described,  but  the  exterior  presents  some  remarkable  peculiarities. 

KuTOBOiNA  ciNGULATA,  Billings.  PI.  XVI.  Fig.  10.  GeoL  Survey 
of  Canada.  Pal.  Fossils,  VoL  i.  p.  8,  figs.  8,  9,  10  =Ol>olelk} 
Fhillipsii,  Holl,  etc.    Dav.  SiL  Mon.,  p.  62.     PL  17-19. 

While  preparing  the  first  portion  of  my  Silurian  Monograph,  I 
felt  very  uncertain  as  to  the  genus  and  species  to  which  the  so- termed 
0*  PhiUipsii  should  be  referred ;  since  then,  thanks  to  the  kindness 
of  Mr.  Billings,  I  have  been  able  to  compare  his  Canadian  type  of 
Kutargina  cingulata  with  a  similar  sized  example  of  O.  PhiUipsn, 
kindly  presented  to  me  by  the  Kev.  W.  S.  Symonds.  I  was  also 
able  to  show  these  specimens  to  Dr.  Holl,  and  he  at  once  agreed  with 
me  that  his  0.  PhiUipsii  and  the  American  rIicII  belonged  to  a  single 
species.  Neither,  however,  were  at  all  referable  to  the  genus  OMelU, 
their  long  straight  hinge-lino  precluding  such  a  possibility.  The 
term  0.  Fhillipm  must  consequently  be  considered  as  a  synonym, 
Billings's  name  claiming  priority  of  publication.  Dr.  Holl  informs 
me  also  that  the  Potsdam  Sandstone  and  shale,  in  which  the  K,  ein- 
gulata  is  said  to  occur,  occupies  (he  thinks)  as  nearly  as  possible  the 
position  of  our  "Lingula  beds,"  and  all  along  the  Appallachian 
chain,  rests  like  our  HoUybush  Sandstone,  unconformably  on  old 
Metamorphic  rocks,  which  resemble  precisely,  and  occupy  the  same 
position  as  those  of  the  Malvems.  Dr.  Holl  suggests  the  upper 
position  of  the  Middle  Lingula  flags  as  the  stage  at  which  Kutorgim 
eingulata  would  occur. 

DisciNA  piLEOLus,  Hicks,  M.S.  PI.  XVL  Figs.  11  and  12.  Bepoit 
of  Brit  Assoc,  (p.  285),  1865. 

Shell  very  small,  circular  or  slightly  longitudinally  oval,  rather 
broader  anteriorly,  about  two  lines  and  a  half  in  length  and  a  little 
less  in  breadth.  Dorsal  valve  conical,  ventral  valve  slightly  convex 
or  depressed  near  the  margin ;  vertex  in  both  always  at  a  short  dis- 
tance fit)m  the  centre,  as  also  the  foramen  (''')  in  the  ventral  valve. 
Surface  marked  with  concentric  lines,  which  are  more  strongly 
marked  in  the  ventral  one.  Interior  not  known.  Mr.  Salter  was 
the  first  to  detect  the  presence  of  this  genus  in  the  '  Menevian  group/ 
and  the  species  under  description  subsequently  received  the  designa- 
tion of  'pileolua '  from  Mr.  Hicks,  for  we  have  already  stated  that 
the  BO-termed.  j9.  labiosa  (Salter)  waa  founded  on  the  internal  caat  of 
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ijie  Tentral  Talye  of  O.  Sapttdlis.  D,  pileoUu  was  found  by  Mr. 
Hicks  to  occur  in  the  Middle  (Sandstone)  beds  of  the  '  Menevian 
group  *  at  Porth-y-rhaw,  Ninewells,  and  Soiva  Harbour,  St  David's, 
where  it  is  scarce  and  usually  very  imperfectly  preserved.  One 
specimen  of  a  minute  Diseina  (PI.  XVI.  Fig.  13)  appears  to  have 
been  obtained  by  Mr.  Hicks  in  one  of  the  yellowish  grey  beds  of  the 

•  Harlech  group,'  on  the  road  leading  from  Solva  to  Whitechurob, 
St.  Davids ;  and  if  it  should  turn  out  to  be  the  same  as  the  shell 
under  description,  which  it  appears  to  resemble,  it  would  be  the 
oldest  form  of  the  genus  known,  and  one  of  the  earliest  Brachio- 
poda  on  record.  D,  pikolus  was  also  found  by  Mr.  Belt  in  the  *  Mene- 
vian '  stage  at  Camlan  in  North  Wales. 

Genus  Aobotbeta,  Eutorga,  1848. 

AoROTRETA  f  NiCHOLSONT,  Dav.     PI.  XVI.  Figs.  14-16. 

Shell  small,  about  two  lines  in  length  by  about  the  same  in 
breadth,  almost  circular,  rather  wider  and  broadly  rounded  an- 
teriorly, nearly  straight  posteriorly ;  dorsal  valve  very  slightly  con- 
vex ;  ventral  valve  conical,  apex  sub-central  and  truncated  by  a 
minute  circular  foramen,  which  is  situated  at  a  little  more  than  one- 
third  of  the  length  of  the  valve.  From  the  centre  of  the  posterior 
margin  a  narrow  groove  or  channel  extends  to  the  base  of  the  fora- 
men, while  on  either  side  a  small  flattened  triangular  space  or  false 
area  (?)  is  limited  by  an  indented  line.  Surface  of  both  valves 
marked  with  numerous  concentric  lines  of  growth. 

Although  the  species  under  description  has  not,  as  far  as  I  am 
aware,  been  hitherto  found  in  Wales,  it  will  be  desirable  to  introduce 
it  here,  as  it  is  new  to  Great  Britain,  and  another  of  those  minute 
and  curious  forms  that  have  been  discovered  subsequent  to  the  publi- 
cation of  the  first  portion  of  my  Silurian  Monograph.  Several 
examples  of  this  interesting  little  species  were  sent  to  me  in  Feb., 
1867,  by  Dr.  H.  A.  Nicholson,  their  discoverer,  under  the  designation 
of  Siphonotreta  micula,  but  I  soon  perceived  that  they  could  not  be 
identified  with  that  genus  or  species,  and  although  1  am  by  no  means 
confident  as  to  the  propriety  of  locating  it  in  Acrotreta,  this  last  is 
the  genus  to  which  our  Scottish  shell  seems  to  bear  the  closest 
resemblance.  One  valve  being  nearly  flat,  the  other  conical,  with  a 
minute  perforation  at  its  apex,  the  longitudinal  groove  or  canal  and 
false  area, — all  being  external  features  peculiai*  to  the  Russian  genus. 
However,  as  we  know  nothing  of  the  interior  of  Acrotreta,  and  very 
little  of  the  Scottish  shell,  the  true  generic  position  of  this  species  must 
be  viewed  as  provisional.  A.  ?  Nicholsoni  occurs  in  black  shales  in 
the  Upper  Llandeilo  ?  of  Dobb*s  Linn,  near  Moffat  in  Dumfriesshire, 
whilst  Siphonotreta  micula  is  found  at  Hart  Fell,  or  Glenkiln  Bum,  near 
Moffat,  in  distinct  beds.     Siphonotreta  micula  is,  strictly  speaking,  a 

*  Llandeilo  flag '  species,  but  Mr  Hicks  believes  he  has  found  it,  or 
another  undeterminable  allied  form,  in  the  upper  portion  of  the 
'  Arenig  group '  at  Whitesand  Bay,  St.  David's. 

Genus  Orthis,  Dalman,  1827. 

It  will  not  be  necessary  here  to  enter  into  a  lengthened  account  of 
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the  earliest  species  of  the  gennB  OtQmj  since  they  will  be  "veiy  duntlf 
minutely  described  and  illustrated  in  the  third  portion  of  my  SQioaa 
Monograph  now  in  the  press.  Ortliis  is  one  of  the  earliest  genen  d 
Brachiopoda  at  present  known,  for  it  is  represented  by  a  iiB|^ 
species  in  the  rocks  of  the  Meneyian  period.  It  is  followed  np  lij  i 
fresh  species  in  the  Upper  Lingula  flags,  and  by  other  tiro  nsv 
forms  in  the  Arcnig,  or  Lowest  Llandovery  period. 

Orthis  Hicksii,  Salter,  M.S.    PI.  XVI.  Figs.  17-19. 

Shell  small,  measuring  about  four  lines  in  length  by  five  in  broidtt, 
transversely  oval,  hinge-line  shorter  than  the  greatest  breadth  of  db 
shell,  cardinal  angles  rounded.  Dorsal  valve  Bemicircular,  mode- 
rately convex,  slightly  longitudinally  depressed  along  the  middki 
Ventral  valve  convex,  deeper  than  the  opposite  one.  Area  triangnlai; 
moderately  wide.  Surface  of  valves  ornamented  by  about  ten  prin- 
cipal narrow  radiating  ribs,  with  wide  interspaces  between  each  psii; 
in  the  middle  of  which  is  situated  a  shorter  rib.  O.  JHiekm  is  i 
scarce  foKsil,  and  very  rarely  found  in  a  complete  condition.  It  wai 
discovered  by  Mr.  Hicks  in  the  Middle  (Sandstone)  beds  of  tbe 
Mencvian  Group,  at  Kincwells  and  Porth-y-rhaw,  near  St.  David*i, 
and  is  the  oldest  species  of  the  genus  on  record.  It  "was  named 
after  Mr.  Hicks  by  Mr.  Salter,  but  was  not  figured  or  described.  It 
has  not  been  found  as  yet  in  North  Wales. 

Obthis  lenticularis,  Dal.  sp.    PI.  XVI.  Figs.  20-22. 

This  small  species  has  been  described  at  some  length  by  Mr.  Salter, 
at  p.  339  of  vol.  iii.  of  the  Memoirs  of  the  Geological  Survey  of  Great 
Britain.  It  occurs  in  the  Upper  Lingula  flags  (Dolgelly  group  of 
Mr.  Belt),  at  Ogof-ddu,  Criccieth,  near  Portmadoc;  Penmor& 
Church,  Tremadoc ;  at  Gwemy-y-Barcud,  Ehiwfclyn,  and  in  several 
other  Welsh  localities.  It  is  immensely  abundant  in  some  beds,  but 
usually  of  very  small  dimensions,  and  very  much  distorted  from  the 
effects  of  cleavage,  so  that  it  is  all  but  impossible  to  obtain  a  complete 
example. 

Orthis  MENAPiiE,  Hicks,  M.S.     PI.  XVI.  Figs.  24-28. 

Shell  tnincate-orbioular,  rather  wider  than  long;  hinge  lino  a 
little  shorter  than  the  greatest  width  of  shell.  Dorsal  valve  semi- 
circular, slightly  convex,  with  a  longitudinal  depression  or  sulcus. 
Ventral  valve  rather  deeper  than  the  opposite  one,  with  a  longi- 
tudinal i-idgo  commencing  at  the  extremity  of  the  small  incurved 
beak,  and  gradually  widening  as  it  neai*s  the  front.  Area  rather 
narrow.  Surface  of  both  valves  covered  by  numerous  fine  bifurcat- 
ing striae.     About  seven  lines  in  length  by  eight  or  nine  in  width. 

0.  menapia  is  a  well-marked  species,  but  is  nearly  always  more  or 
less  out  of  shape  irom  the  effects  of  cleavage  and  fossilization.  It 
was  discovered  for  the  first  time  by  Mr.  Hicks  at  the  base  of  the 
Arenig  group,  or  Lowest  Llandeilo,  at  Tremanhire,  and  subsequently 
at  Llanveran,  Hanisey  Island,  and  Whitesand  Bay,  all  near  St.  David's. 
The  designation  menapia,  assigned  it  by  Mr.  Hicks,  is  the  classical 
name  for  the  earliest  city  mentioned  in  the  St.  David's  district.  It 
occurs  in  company  with  the  following  species,  but  is  easily  distin- 
guished from  it  by  its  shape,  as  well  as  by  the  number  and  strength 
of  its  strisB. 


f' 
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^  Obthis  OABAUsn,  Salter,  H.S.  PL  XYI.  Fig.  23. 
,*  Sub-orbicular,  rather  wider  than  long ;  hinge-line  the  flame  or  a 
^little  lees  than  the  width  of  the  shell.  Slightly  indented  in  jbont 
Dorsal  yalve  gently  convex  with  a  longitudinal  deprearion  along  the 
middle.  Ventral  yalve  deeper  than  the  opposite  one ;  beak  small 
inonrved.  Area  rather  narrow.  Surface  of  valves  covered  with 
about  sixteen  simple  rounded  ribs,  and  concave  interspaces  of  about 
equal  breadth.    Length  seven,  width  eighth,  depth  three  lines. 

This  important  species  was  discovered  in  the  Lower  Arenig  Books 
of  St  David's  by  Mr.  Hicks  about  the  year  1864,  the  shelf  ooour- 
ing  in  vast  abundance  in  the  condition  of  internal  oasts  and  external 
impressions  in  yellow  sandstone  at  Tremanhire,  and  in  an  extraor- 
dinary state  of  distortion  in  darker  shales  at  Llanveran,  Whitesand 
Bay,  and  at  Bamsey  Liland,  St.  David's.  Indeed,  so  great  is  the  state 
of  distortion  firom  the  effects  of  cleavage  that  one  example  found  by 
Mr.  Homfray  at  Llanveran  measured  five  lines  in  length  by  twenty- 
seven  in  width,  while  the  width  of  the  shell  prior  to  fossiligation 
would  not  have  exceeded  seven  or  eight.  In  other  oases  the  shell 
was  similarly  elongated  or  twisted  to  one  or  other  side  in  the  most 
irregular  possible  manner. 

With  these  few  remarks  I  wiU  conclude ;  the  whole  subject  in 
connection  with  this  paper  will  in  due  time  be  more  fully  elaborated 
in  my  large  Silurian  Monograph. 

EXPLANATION  OP  PLATES  XV.  k  XVI.— PLATE  XV. 

Fig.  1.  ZitiffuleUaferruffinea  (rar.  ovalitY  Salter,  from  purple  beds  of  the  Httleok 

group,  St  DaTid*8.    Fig.  la,  magnifled. 
2a,  b.     „  „      from    Forthclais   Harbour,  near  St.  David*!,  from 

the  lowest  beds  of  the  purple  and  red  Oambriaa 
rocks  and   the  earliest  Bracbiopod   hitherto  duH 
covered ;  2  and  2a,  nat  sixe ;  2a,  enlarged. 
3-8.  „  „      3  and  4  from  the  '  Meneyian,'  St  David's ;  4  nat  nab, 

after  Mr.  Salter's  original  figures ;  6  from  Penmorb, 
Tremadoc  (Upper  DolgelW  group  of  Belt) ;  6  firom 
Gwem-T-barcud  (Upper  Ffestiniog) ;  7  from  Bhiw- 
felyn  (Upper  Dolfelly  beds)  ;  8  nt>m  Tremadoo  or 
Arenig  group  at  Waun-feddu,  Dolgelly.  With  re- 
ference to  Fi^.  6  to  8,  some  uncertainlT  may  still 
prevail,  although  they  very  probably  beloiig  to  X. 
ferrugmea, 
9.  „  f      specimen  referred  to  X.  DttvM  by  Mr.  Belt  from 

above  Dolgelly,  in  his  Upper  Maentwrog  beds. 

10-12.  „  kpiSf  Salter,  different  forms  from  Penmorfa  church  Portmft- 

doc,  Lower-Tremadoo.  10a,  b,  two  of  Mr.  Salterns 
original  figures. 

13-16.  „        Xavuit,  MHJoy.     13,  perfect  specimens  from  Upper  Lingnla 

flags  near  Portmadoc ;  14,  internal  cast ;  15,  small 
specimen  out  of  shape  from  Gwem-y-baxtmd,  Upper 
Ffestiniog. 
16.  Lingula  petalon.  Hicks.    Arenig  rooks,  Whitesand  Bay. 

17-24.  OboUUa  SagitialUy  Salter.    A  series  of  interiors  and  internal  casts  of  both 

valves,  with  figures  greatly  magnified,  the  small 
ones  being  of  natural  size  from  the  Menevian  rockf 
of  St.  David's.  Fi?.  19,  interior  of  dorsal  valve; 
20,  interior  of  ventnu  valve,  Mawddach  WaterfSUl, 
Dolgelly. 

25-57.  I,       BtUi,  Dav.  ioa,  27a,  and  26a,  enlarged.    Lower  Tremadoe^ 

Craig-y-dina%  North  Walei. 


316  Dawkms — On  the  Age  of  the  Mammoth. 

PLATE  XVI. 

Fig.  1-3.  ObolelU  maeulata,  Hicks, "  MeBeyian  Group,"  Portli-y-rlisir,  8t 

South  Wales,  and  Gwjnfpydd  and  Camlaa,  Noriii 
Wales,     la,  2«,  8a,  magnified. 
4.  ObAmfpUmbM,  Salter,  exterior,  Lower  Dandeilo,  Wellfiald  BnittlL 
6.        M  „  „      interior,  from  Shelve,  enlarged. 

6.  „  „        Tar.  pU^Qta,  Hiclu,  exterior,  Tremanhire,  St  D«fid^i| 

Lower  Arenig  Rocka. 

7.  «,  „  t,  „      internal  cast  of  same  enlarged. 

8.  OMeOm  9  Saltiri^  HolL  MaWem,  ^om  original  specimens. 

9.  „  „         ?      Lower  Tremadoe,  Craig^-dinaa,  N.  Wales. 
10.  Zutorgina  emffuhta,  Billings  =06.  Fhillipni^  Holl.  a  large  apeetiiMn. 

Malvern. 
11-12.  Di$i>ma  piMut,  Hicks,  «  Menerian,"  Porth-y-rhaw  Yalky,  St.  David's. 

llo,  12a,  enlarged. 
IS.        „  f  ff      t§Gm  the  yellow  fossilifenras  beds  in  tlie  Hailedi 

Group,  St.  Davids.     13a  enlarged. 
14-16.  Aerctntaf  Nieholaoni,  Dav.   Upper  LUmdeile,   Dobb*s  Luin,  Moffitt 

14  a,  15a,  16a,  enlan^ed. 
17-19.  OrtAi$  Sieksii,  Salter,  **Menevian,"  Porth-y-rhaw,  St.  David's. 
20-22.       „    Imtieularis,  Dal.  Upper  Lineula  flags,  Ogaf-ddu. 

23.       „    Caratuii^  Salter,  Arenig  Rocks  (Lowest  JUandeilo)  8t  Davids. 
24-28.       ,y     menapia,  Hicks,  ,,  „  ^ 


HI. — On  TiBB  Yalus  of  the  Etipbncb  fos  thx  Existshos  of  thb 
Mammoth  in  Ext&ops  in  Pre-«la<3ial  Timss. 

By  W.  Boyd  Dawkins,  M.A.,  F.R.S.,  P.G.8. 

EUROPE  during  the  Tertiary  period  was  invaded  by  suooessiTe 
races  of  animals  driven  from  their  head  quarters  by  press  of 
numbers  or  by  famine,  or  allured  by  some  modification  of  circum- 
gtances  that  was  specially  adapted  for  their  well-being,  in  precisely 
the  same  way  as  it  was  subsequently  invaded  by  successive  races  of 
men.     Eocene  Mammals  were  followed  by  Miocene,  and  those  again 
by  Pliocene,  Pliocene  by  the  Pre-glaoial  division  of  the  Pleistocene, 
and,  finally,  the  latter  by  the  Post-glacial  or  Quaternary,  in  obedi- 
ence to  the  same  natural  laws  which  compelled  the  Stone-  to  vanish 
away  before  the  Bronze-folk,  and  the  Kelt  to  yield  to  the  Teuton. 
The  parallel  between  the  conquest  of  Europe  by  the  ancient  mam- 
malia and  that  by  man  is  most  exact.     In  both  cases  the  conquering 
race  absorbed  a  greater  or  less  proportion  of  the  conquered.    Thus  the 
Hippopotamus  major  and  Ehinoceros  kemitachus  of  the  Pliocenes  of 
Italy  lingered  on  in  France  and  Germany  in  association  with,  or, 
as  it  were,  in  a  kind  of  helotage  to,  the  Post-glacial  fauna,  just  as  the 
Kelt  stQl  survives  in  the  midst  of  his  Teutonic  conquerors  in  Britain. 
In  both  there  is  the  same  uncertainty  as  to  the  ancient  head-quarters 
of  each  raoe,  except  the  last  one,  from  which  the  present  inhabitants 
of  Western  Europe  are  descended.     Professor  Max  Muller  has  traced 
the  Aryan  race    from   Central  Asia    northwards    and    westwards 
to  the  very  extremity  of  Europe,  eastwards  and  southwards  through- 
out the  length  and  breadth  of  India,  Persia,  and  Ceylon,  by  the 
identity  in  the  root-meanii^  of  words  throughout  that  vast  area. 
M.  Lartet,^  in  1858,  traced  the  Post-glacial  Mammalia  from  the 

I  ComptM  RAiidua>  torn.  xlri. 
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of  NorUiem  Asia  and  SibeiiA  westward  as  far  as  the  FfreneeSy 
tiieir  southern  boundary  being  formed  by  a  line  passing  between  the 
Alps  and  the  Caspian.  Subsequently,  in  1859,  the  diMOvenr  of  the 
remains  of  the  Mammoth  at  Borne  oompelled  him  to  extend  its  range 
at  least  as  far  south  as  the  valley  of  the  Tiber,  where  it  lited  whue 
the  masses  of  tnffa  whioh  composed  the  seyen  hills  of  the  Eternal 
(Sty  were  being  poured  forth  from  active  volcanos. 

Li  the  Post-glacial  fauna  the  Mammoth  occupies  a  very  important 
position^  on  account  of  its  great  range  and  the  &ot  that  ito  Luge 
molars  are  those  of  all  others  the  first  to  have  attracted  the  attention 
of  naturalists,  as  well  as  from  the  vast  quantity  of  its  remains  which 
occur  in  a  fossil  state  in  Siberia.  Any  proposition  therefore  that 
mSedtB  it,  affects  also  the  whole  question  of  the  origin  of  the  Post- 
glacial fauna.  If  it  be  proved  that  the  animal  existed  in  Europe  in 
Pre-glacial  times,  then  M.  Lartet's  admirable  theory  of  the  migra- 
tion^ of  the  Quaternary  fauna  into  Europe  after  the  Olaeial  epoch 
&lls  to  the  ground,  and  the  animal  loses  all  dassifioatory  value  in 
the  determination  of  Pjre-  from  Post-glaeial  deposits.  The  latft  Dr. 
Falconer  towards  the  dose  of  his  life  held  that  it  dwelt  in  Europe 
at  the  time  of  the  deposition  of  the  forest  bed  of  the  Norfolk  shore ; 
and  M.  Lartet  himseLT  has  been  so  convinced  of  the  truth  of  his  con- 
clusion, that  he  has  lately  published  an  essay,  in  which  he  quotes  the 
animal  as  one  of  those  few  whioh  survived  Uie  physical  changes  that 
intervened  between  the  Pre-  and  Post-glacial  epochs,*  If  the  animal 
lived  here  along  with  Elepha$  meridiimcUw,  then  it  cannot  be  viewed 
as  a  fellow-immigrant  with  the  Reindeer.  It  is,  therefore  a  point  of 
very  high  importance  to  determine  the  value  of  the  evidence  on 
which  Dr.  Falconer  founded  his  conclusion,  which  we  are  able  to  do 
by  the  late  publication  of  all  his  data  in  the  magnificent  work  con- 
taining his  scientifio  essays,  and  the  more  valuable  portions  of  his 
private  notes.* 

The  only  remains  of  the  Mammoth  that  can  by  any  possibility  be 
ascribed  to  the  Forest-bed  are  those  in  the  possessioD  o^  the  Bev.  S. 
W.  King,  F.G.S.,  the  Rev.  John  Gunn,  F.O.S.,  and  in  the  WoOd- 
wardian  Museum  at  Cambridge.  With  reference  to  the  first  of  these 
Dr.  Falconer  writes  as  follows,  page  164* : — 

'*  I  have  also  examined  two  specimens  of  the  first  true  mdar,  vpptt 
jaw  of  Elephas  primigenius,  in  the  collection  of  the  Bev.  S.  W.  Ejfig, 
from  the  Norfolk  coast  section,  near  Cromer.  The  specimens  wete 
carefully  compared  with  a  molar  from  Bford,  in  the  valley  of  the 
Thames,  belonging  to  Mr.  Prestwich. 

"The  specimen  first  to  be  noticed,  marked  Ho.  8,  is  labelled 
'  Picked  out  of  blue  day  and  black  gravd  on  beach,  solid  level,  after 
scouring  from  shoot  of  cliff,  in  March,  1860  (Anderson,  Cromer).' 

''  It  is  a  very  perfect  example  of  an  antepenultimate  true  molar, 
upper  jaw  right  (t  m.  1)  presenting  the  crown  quite  perfect.    The 

1  Comptes  Bendofl,  torn,  xln.,  p.  409. 

*  Note  Ror  Deux  T^tes  dc  Carnaasien  Fossiles  Ann.  dei  So.  Kst  5  wr.  torn  im, 

*  FalflBontolofl^cal  Memoirs  of  the  late  Hngh  Falooaef.     Edit  by  Dt.  HvN^bam^ 
ToLii 
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oTOwn  is  oomposed  of  twelve  principal  ridges,  with  front  and  bick 
talons ;  the  nine  anterior  ridges  are  worn,  the  rest  intact»  oi 
enveloped  in  cement  The  most  anterior  ridge  is  oonflaent  in  ill 
disc  with  the  adjoining  talon  disc  The  second  disc  is  oonflneiitJj 
transverse,  somewhat  irregularly  reniform  in  its  contoor,  the  ooft- 
vezity  being  directed  backwards.  The  third  is  composed  of  three 
semi-detached,  oblong  discs,  the  worn  digitations  not  having  beoome 
quite  confluent.  The  four  or  five  posterior  ridges  are  but  verf 
slightly  affected  by  wear.  The  ground  surface  of  the  crown  is  brotd 
relatively  to  the  length  of  the  molar ;  the  ridges  are  high,  thin,  and 
closely  compressed.  The  plates  of  enamel  are  decidedly  thin,  pn- 
senting  no  appearance  of  crimping  or  primary  undulation,  the  only 
plicature  shown  being  that  produced  by  the  confluence  of  the  disci 
(that  is,  secondary  undulations).  In  all  these  respects  this  molar 
bears  a  very  close  resemblance  to  Mr.  Prestwich*s  Ilford  specimdn. 
The  fangs  are  all  broken  off  below,  where,  in  the  interstices,  the 
matrix  is  distinctly  seen,  in  some  places  penetrating  into  the  hollow 
cores  of  the  fangs.  This  matrix  consists  of  a  very  ferruginous,  fine 
sand,  containing  small  pebbles,  and  closely  agrees  with  the  matrix 
of  the  Elephant-bed  at  Mundesley.  There  are  also  some  patches  of 
blue  olay,  resembling  that  of  the  laminated  blue  beds.  There  is  no 
appearance  of  a  disc  of  pressure  behind,  but  this  is  intelligible  from 
the  semi-worn  condition  of  the  tooth.  The  fresh  broken  surfaces  of 
the  ivory  of  the  fangs  presents  a  dull  cholocate,  or  pale  sepia  colour, 
like  that  of  the  Mammoth  molars,  from  the  *  Big-bone-lick'  of 
America :  it  bums  black  and  yields  a  strong  odour  of  ammonia, 
proving  abundance  of  gelatine.  All  this  is  against  the  remote  age 
of  the  fossil,  and  it  would  indicate  that  it  was  yielded  by  some  of 
the  upper  gravel  beds  or  blue  clay  below  the  Boulder-clay  than  that 

it  came  out  of  the  Elophant-bcd I  regard  this  specimen  as 

being  an  antepenultimate  of  Elephas  primtgenius,     N.B.  The  posterior 
talon  is  a  little  abraded  behind. 

"  The  second  specimen,  labelled  No.  2,  from  the  blue  clay  and  black 
gravel  beach,  Cromer,  scoured  down  after  shoot-off  diff,  tmder  light- 
house, March,  1860  (Anderson,  Cromer). 

"This  specimen,  in  a  general  way,  very  closely  resembles  No.  3, 
just  described :  like  it,  the  crown  is  very  perfect,  and  composed  of 
twelve  ridges  with  front  and  back  talons.  Tlie  giinding  surface  has 
extended  over  the  eight  anterior  ridges.  The  front  ridge  is  con- 
fluent with  that  of  the  disc  of  the  anterior  talon,  which  has  partly 
disappeared  from  pressure.  This  front  disc  has  the  enamel-plate 
surrounding  it  somewhat  folded,  but  without  crimping;  the  folds 
being  secondary  undulations  arising  from  the  confluence  of  the 
digitations 

"  This  tooth  closely  resembles  that  above  described ;  it  is  some- 
what smaller,  and  belonged  to  the  left  side.  It  does  not  appear, 
however,  to  have  belonged  to  the  same  individual.  The  crown  discs 
are  somewhat  wider  and  more  open,  with  less  appearance  of  com- 
pression, but  not  to  a  greater  extent  than  is  compatible  with  in- 
dividual variation.     The  specimen  agrees,  in  colour  and  character  of 
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e  matrix  impacted  in  the  fang  interstices,  with  No.  3.  The  fresh 
ory  fracture  yields  the  same  sepia  discoloration ;  and  when  burnt 
^ves  a  strong  odour  of  ammonia  (burnt  blanket),  proving  abund- 
loe  of  gelatine.     I  regard  this  specimen  also  as  of  B.  primigenius,  .  . 

**  Although  presenting  the  ferruginous  matrix  of  the  '  Elephant- 
id,*  this  specimen,  like  the  former,  is  inferred  to  have  been  yielded 
f  one  of  die  superior  gravels." 

The  date  1861  on  Mr.  Prestwich's  specimen  proves  that  this  note 
as  written  after  that  year.  Dr.  Falconer's  opinion  then  clearly  was 
Iverse  to  the  Forest  Bed  age  of  these  two  molars  of  the  Mam- 
oth  which  were  not  found  in  8itu  but  merely  on  the  beach,  and 
hich  therefore  do  not  offer  clear  and  satisfactory  evidence  of  the 
3posit  from  which  they  were  derived. 

The  remains  of  the  Mammoth  in  the  wonderful  collection  made  by 
le  Rev.  John  Gunn  offer  still  more  unsatisfactory  evidence  of  the 
re-glacial  age  of  the  animal.  The  only  case  of  its  occurrence 
aoted  by  Dr.  Falconer  is  as  follows  (page  175) : — 

"  In  the  collection  of  the  Rev.  John  Gunn,  of  Irstead,  there  is  a 
slvis  probably  of  E,  primigenius^  which  was  found  at  Mundesley  in 
le  Elephant-bed  under  the  Paston  hill,  close  to  the  large  os  in- 
ominatum  of  E,  meridionalis  already  referred  to.  It  is  much 
nailer  than  the  corresponding  bone  of  E,  meridionalis.  A  com- 
arison  of  the  two  exhibits  well  the  gigantic  proportions  of  the 
itter.  The  right  ilium  of  E.  primigenius^  where  fractured,  seems  to 
e  highly  infiltrated  with  iron." 

It  is  by  no  means  certain  that  this  pelvis  actually  belonged  to  the 
[ammoth;  it  might  be  ascribed  with  equal  justice  to  WiQElephas 
ntiquuSj  which  is  very  abundant  in  that  locality.  A  molar  in  the 
ime  collection,  referred  by  Dr.  Falconer  to  an  old  typo  of  the 
Tamraoth,  is  merely  a  beach- specimen,  with  fragments  of  matrix 
^rresponding  exactly  with  that  upon  the  Mammoth's  tusk  dredged 
p  off  Yarmouth.  There  is,  then,  no  evidence  to  be  derived  from 
le  Rev.  J.  Gunn's  collection  as  to  the  Mammoth  having  dwelt  in 
•re-glacial  Britain.  His  opinion,  indeed,  which  is  of  the  highest 
alue,  is  that  all  the  Mammoth  remains  are  derived  from  a  higher 
eposit;  that  they  have  never  been  found  in  situ  in  Pre-glacial  beds ; 
ad  that  he  utterly  discredits  their  asserted  occurrence  in  them.* 

The  only  remaining  evidence  to  be  discussed  is  that  afforded  by  a 
ist  upper  true  molar  "  of  the  Pre-glacial  variety"  from  the  Norwich 
oast  in  the  Woodwardian  Museum  at  Cambridge,  which  Dr.  Falconer 
escribes  as  follows,  page  170  : — 

"  The  Woodwardian  Museum  also  contains  a  superb  specimen  of 

*  "  My  dear  Sir, — I  have  never  found  a  Mammoth  tooth  in  situ  in  Pre-glacial 
eds.  There  is  in  my  collection  what  Dr.  Falconer  regarded  as  an  old  type  of  the 
U^phas  primigenius,  out  it  was  a  heach  specimen,  and  the  matrix  upon  it  decidedly 
3rrc8ponds  with  that  upon  a  Mammoth  tusk  dredged  up  off  Yarmouth.  I  have 
btained  a  Mammoth  tooth  from  a  Post-glacial  bed  near  tiacton,  and  such  specimena 
light  he  expected  to  fall  upon  the  t^ach  from  beds  abore  the  Pre-glacial.  The 
'ichorhine  Rhinoceros  has  not  been  found  in  the  Norfolk  :PlaiiilMLJMi^  *&d  / 
tUrly  diteredit  the  finding  of  the  Mammoth  in  then.' 
ley.  J.  Gunn  to  the  writer  of  this  notice,  dated  May  % 
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the  last  true  molar,  upper  jaw,  left  side,  of  the  Pre^laeUd  TBzie^  d 
E.  primigenius  from  Uie  Norwich  coast  The  summit  of  the  crowi 
presents  about  eighteen  discs  of  wear,  of  which  the  most  anterior 
have  been  ground  down  to  a  common  base  of  ivory:  the  EfKb 
occupied  by  fourteen  of  these  ridges  is  7^  inches.  Tlie  enamel  b 
slightly  thick,  but  the  plates  are  transverse  and  perfectly  £ree  from 
any  appearance  of  crimping.  The  characters  of  this  specimen  diveip 
widely  from  the  ordinary  form  of  E.  primigenius  in  the  directio&  of 
the  Indian  elephant,  but  still  maintain  all  the  distinctive  markB  of 
true  Elepha8  primigenius.  The  matrix  is  indisputaUy  of  the  fortd' 
bed  of  the  Norfolk  coast,  showing  in  the  fangs  a  greenish  gritty  sand, 
full  of  sulphur,  derived  from  the  iron-pyrites  so  prevalent  in  flie 
forest-bed." 

On  consulting  Professor  Sedgwick,  in  May,  1867,  about  this  i/xA, 
which  was  presented  to  the  Museum  by  Miss  Ann  Gomey,  I  fiod 
that  there  is  no  record  of  its  true  gisement  It  is  clear,  dierefoie, 
that  Dr.  Falconer  was  led  to  consider  it  of  Pre-glacial  age  because  of 
its  correspondence  with  what  he  calls  "  the  Pre-glacial  variety  of 
Elephas  primigenius,*^  in  the  collections  of  the  Eev.  S.  W.  King  and 
the  Bev.  John  Gunn,  and  especially  from  the  character  of  the  matrix. 
Its  agreement  with  the  so-called  "Pre-glacial  variety"  is  utterly 
worthless  for  the  purpose  of  proving  that  it  is  also  of  Pre-glacial 
date,  because  the  term  itself  involves  the  assumption  that  a  variety 
of  Mammoth  lived  in  Britain  during  the  Forest-bed  epoch.  We 
must,  therefore,  fall  back  upon  the  matrix  as  the  only  possible  guide 
to  the  gisement  of  the  remains  in  the  three  collections. 

On  evidence  of  this  kind  Dr.  Falconer  arrived  at  the  belief  that 
the  Mammoth  dwelt  in  Europe  before  the  great  refrigeration  of  our 
climate  in  the  Boulder-clay  period.  The  two  molars  in  the  collec- 
tion of  the  Kev.  S.  W.  King,  which  he  himself  admitted  to  be  doubt- 
ful, one  pelvis  also  doubtful,  and  one  molar,  picked  up  on  the  shore, 
in  the  collection  of  the  Rev.  John  Gunn,  together  with  a  second  in 
the  Woodwardian  Museum,  with  matrix  resembling  that  of  the 
Forest-bed,  led  him  to  infer  "  that  we  have  unquestionable  evidence 
that  the  Mammoth  existed  in  England  before  the  deposition  of  the 
Boulder-clay,  as  the  contemporary  of  Mammalian  species,  handed 
down  from  the  Pliocene  period,"  and  that,  therefore,  the  animal  is 
"  entitled  to  the  significant  name,  proposed  by  Greoflfrey  St.  Hilaire, 
in  one  of  the  bright  inspirations  of  his  latter  years,  of  Dicyclotherium, 
as  having  by  a  miracle  of  Providence  survived  through  two  epochs." 
The  premises  in  my  opinion  do  not  in  the  least  degree  warrant  the 
inference.  On  the  evidence  adduced,  the  very  least  that  can  be  said 
is  that  the  case  is  not  proven. 

Nor,  indeed,  does  an  appeal  to  the  character  of  the  matrix  afford 
additional  probability  to  the  Pre-glacial  age  of  the  Mammoth.  In 
the  autumn  of  1866  the  Rev.  O.  Fisher,  F.G.S.,  and  myself  discovered 
in  the  village  of  Walton-on-the-Naze  a  deposit  of  red  pan,  or  sandy 
peroxide  of  iron,  derived  from  the  wash  of  the  Red  Crag,  that  is 
assumed  to  stamp  the  Pre-glacial  age  of  remains  washed  up  by  the 
aea  on  the  East  coast,    la  it  were  £rmly  embedded  sundry  waifs 
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and  gbuje,  •udiufn^iinentaofooal,  biti  of  g^ui,  and  the  lik^  Aat 
■how  ita  Focent  fonnatwm.  At  the  pment  mom^t  as  I  write  I  have 
before  me  a  fragmeat  of  a  medidoe  Dottle  firtnly  imbedded  in  matrix 
Hai  oaonot  be  diatingtuahed  from  that  on  the  ujqMr  and  lower  jawa 
oiBkaueeroa  JESEnwew  found  m  jtiv,  in  the  Forest-bed  of  Loweabrft, 
^rhidi  are  lying  by  ita  dde.  If,  therefore,  the  matrix  ^ove  that  the 
MaminoUi  remains  in  qneation  were  derived  &om  t^  Foreet-bed,  it 
tonst  bIbo  eetablieh  the  fact  that  glaaa  botthja  were  used  before  the 
dc^xiaition  of  the  Bonlder-clay.  It  is  clear,  therefore,  tliat  the  per- 
widatod  matrix  ia  no  certain  guide  to  the  geoli^fioal  horizon.  Ever 
sinoe  the  Bed  Orag  was  aaturated  with  peroxide  of  iron  it  mmt  have 
been  the  source  from  which  the  later  deposits  in  the  eastern  ooontiea 
derived  their  femiginoua  character;  not  only  the  Foreat-bed,  but 
also  all  other  strata  deposited  by  water,  that  flowed  through  the 
Crag  area.  Since,  therefore,  the  ferruginous  matrix  is  not  ohSEao- 
teristie  of  the  Forest-bed,  aa  Dr.  Falconer  supposed,  lus  aignment  in 
ftvour  of  the  Pre*gIaoial  age  of  the  Uammota  falls  to  the  ground, 
b  the  preaent  state  of  our  knowledge  we  must  then  fell  back  on  U. 
Lartet'a  theoiy  of  1868,  and  view  the  animal  as  characteristio  of  Peaf- 
gladal  times,  and  as  affording  a  nieans  of  differentiating  the  Fre- 
glaoial  from  the  Post-gUdal  depoats.  It  invaded  Western  Europe 
along  with  the  Tichorhine  Bhinooeros,  the  Huak  Sheep,  the  Keindeer, 
and  other  animals  fitted  to  endure  the  severity  of  an  arctic  winter, 
occupying  the  same  poeitioii  in  the  Poet-gUcial  fauna  as  El^^uu 
meridioiMu  occupied  in  that  of  the  Pliocene. 


2TOXZCES    OIF    idiEiiionaa. 

Mb.  Loblbt's  Lbotubi  ok  Viervrus. 

AT  a  meeting  of  the  Geologists'  Association  of  London  (Hay  Ist) 
a  descriptive  account  of  llount  Vesuvius  was  given  by  J.  ij. 
Lobley,  Esq.,  F.G.S.,  who  bad  lately  paid  a  visit  to  the  district  and 
made  the  ascent  of  the  Crat«T. 

The  subject  was  treated  nnder  four  beads  —  lit,  the  geo- 
graphical description  of  Vesuvius  ;  2nd,  the  hietoiy  of  the  volcano ; 
Srd,  the  geolc^ ;  and  4th,  the  ascent  to  the  Crater,  with  a  notioe  of 
the  phenomena  observed  daring  the  eruption  of  the  present  year. 

After  an  aUasion  to  the  situation  of  Vesuvius  with  reference  to 
the  city  and  bay  of  Naples,  and  to  the  beautiful  scenery  of  iha 
neighbourhood,  to  which  this  bold  and  picturesque  mountain  largely 
contributes,  a  description  of  the  outline  and  form  of  the  mountain 
was  given. 

Unlike  many  volcanos  Vesuvius  is  not  a  aimple  oona,  bat  a 
double-peaked  mountain,  with  a  widely -spreading,  almost  circular, 
base  of  nearly  thirty  miles  in  circumference.  One  of  these  peaks 
forms  the  highest  point  of  a  semi-circular  ridge  rising  on  the  north 
and  east,  and  half  endroling  the  modem  cone,  which  towers  above 
tte  rest  of  the  mountain.  The  semioircnlar  ridge  is  oalled  Monte 
Somma,  and  is  separated  &<nn  the  cone  by  a  deep  flat-bottomed 
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valley,  to  which  the  name  of  the  Atrio  del  Cavallo  is  given.  A  dA- 
Bcription  of  the  various  parts  of  the  mountain  followed,  and  le- 
ference  was  made  to  the  populousness  of  the  numerous  towns  and 
villages  lying  around  the  base  of  the  volcano. 

The  history  of  Vesuvius  is  extremely  interesting,  as  it  was  aa 
active  volcano  in  prehistoric  times  ;  then  an  apparently  extinct  one, 
and  now,  in  our  own  times,  it  has  been,  and  is  still,  one  of  the  most 
active  volcanos  known. 

The  eruptions,  too,  have  been  attended  with  the  most  disastrooa 
results ;  and,  situated  as  Vesuvius  is,  near  one  of  the  principal  dties 
of  Europe,  and  on  the  attractive  and  accessible  coast  of  Italy,  they 
have  excited  the  greatest  attention  among  mankind.  The  ernption 
of  the  year  79  of  our  era,  was  the  first  of  which  we  have  any  leoord, 
for  during  the  whole  of  the  historic  period  previous  to  that  date, 
Vesuvius  was  dormant. 

At  this  period  the  mountain  was  a  single  truncated  cone,  of  great 
width  and  comparatively  low  elevation,  with  a  very  large  and  deep 
crater. 

Strabo  was  the  first  to  notice  that  this  crater  was  walled  in  by 
rocks,  which  were  igneous  and  volcanic  in  character,  and  he,  followed 
by  other  early  observers,  concluded  the  mountain  to  be  of  volcanic 
origin.  The  earliest  eruption  of  the  historic  period,  that  of  79,  re- 
sulted in  half  of  the  enclosing  wall  of  the  great  crater  being  blown 
away,  leaving  merely  the  semi-circular  ridge,  now  called  Monte 
Somma,  and  a  small  elevation  on  the  opposite  side  of  the  cone,  to 
which  the  Italians  give  the  name  of  "La  Pedamentina."  This 
terrible  outbreak  destroyed,  as  is  well  known,  the  three  cities  of 
Pompeii,  Hcrculaneum,  and  Stabia,  and  quite  altered  the  appearance 
of  the  mountain.  The  death  of  Pliny  the  elder,  and  the  account 
given  of  the  eruption  by  his  nephew,  Pliny  the  younger,  in  the  two 
celebrated  letters  to  Tacitus,  tend  also  to  make  this  fearful  catas- 
trophe a  most  memorable  event  in  the  history  of  the  world.  The 
modem  great  cone  of  Vesuvius  then  began  to  be  formed  around  the 
vent  of  the  volcano,  and  subsequent  eruptions  accumulated  material 
upon  it,  until  it  at  length  attained  a  greater  elevation  than  the  old 
summit  of  the  mountain. 

Many  eruptions,  no  fewer  than  fifty-eight,  have  been  recorded 
since  the  volcano  renewed  its  activity,  all  more  or  less  remarkable, 
but  those  of  1036,  1631,  1793-4,  and  1822,  are  especially  worthy  of 
notice.  Of  the  historic  eruptions,  those  which  occurred  previous  to 
1036  do  not  appear  to  have  produced  any  fluid  lava,  and  were  merely 
eruptions  of  ashes,  stones,  lapilli,  and  mud,  attended  with  discharges 
of  vapours.  In  1036,  however,  a  stream  of  lava  is  said  to  have 
flowed  down  the  sides  of  the  mountain,  and  to  have  reached  the  sea. 
The  eruption  of  1631  is  remarkable  for  the  extraordinary  quantity  of 
lava  which  Vesuvius  emitted,  no  fewer  than  seven  great  rivers  of 
the  fiery  fluid  having  poured  down  its  sides.  For  several  centuries 
previous  to  the  great  outbreak  of  1631,  the  eruptions  of  the  volcano 
were  of  little  violence,  and  were  separated  by  long  intervals  of 
repose.     During  this  period  of  com^OLtative  rest  on  the  part  of 
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YesaTins,  Monte  Nuoto,  on  the  abore  of  the  Bay  of  Naples,  was 
thrown  np.  This  event  took  place  in  1538,  and  the  phenomenon 
was  of  so  remarkable  a  character,  that  a  hill  440  feet  high,  iKnd  more 
than  a  mile  and  a  half  in  circumference,  was  formed  by  the  aoonnn- 
lation  of  empted  matter  in  three  days  1  Baring  the  eruption  of 
1793-4,  which  lasted  upwards  of  a  y^ar,  the  stream  of  lava  emitted 
was  not  even  arrested  at  the  sea  line,  but  actually  flowed  into  the 
sea  to  a  distance  of  362  feet,  forming  a  promontory.  It  was  calcu- 
lated by  Breislack  that  this  stream  contained  upwards  of  46,000,000 
cubic  feet  of  lava.  The  eruption  of  1822  was  by  far  the  greatest 
ontbreak  which  has  occurred  during  the  present  century.  The 
modification  of  the  shape  of  the  volcano  caused  by  this  eruption  was 
very  considerable,  since  no  less  than  800  feet  of  the  summit  of  the 
oone  was  blown  away,  and  an  immense  crater  produced,  which 
penetrated  to  a  depth  of  not  less  than  a  thousand  feet  into  the  heart 
of  the  mountain. 

Considering  Vesuvius  geologically,  we  find  the  lower  portion  of 
the  volcano  as  far  up  as  the  Crocelle,  or  the  ridge  on  which  stands 
the  Observatory,  to  be  of  one  age,  Monte  Somma  of  another,  and  the 
great  cone  more  modem  than  either  of  the  other  two  portions  of  the 
mountain.  The  formation  of  the  great  cone  of  Vesuvius,  as  we  have 
seen,  dates  from  a.d.  79,  before  which  time  it  had  no  existence.  This 
very  interesting  part  of  the  volcano  is  simply  the  accumulation  of 
the  ejectamenta  thrown  out  during  the  various  eruptions  of  modem 
times,  with  interbeddcd  layers  of  lava,  and  is  consequently  made  up 
of  a  series  of  beds,  or  coats,  having  a  quaquaversal  dip  from  a  central 
axis,  which  is  the  vent  of  the  volcano,  and  the  mouth  of  which  forms 
the  crater  or  cup-shaped  hollow  at  the  apex  of  the  cone.  These  beds 
were  found  to  have  a  dip  of  from  26^  to  30°,  but  the  exterior  slope 
of  the  cone  has  an  inclination  of  40°.  The  great  eruption  of  1822 
left  so  wide  and  deep  a  crater  that  the  internal  structure  of  the  cone 
was  exposed,  and  it  was  then  found  that  dykes  of  compact  basalt 
crossed  the  beds  of  lava  and  scorisB,  and  rose  more  or  less  vertically 
to  various  heights.  These  walls  of  hard  rock  have  doubtless  been 
produced  by  the  filling  up  of  old  lava  channels  and  cracks  in  the 
cone  with  liquid  lava  which  has  afterwards  solidified,  and  they  act 
as  so  many  ribs,  greatly  strengthening  the  structure  of  the  cone.  The 
crater  varies  in  size  and  shape  with  almost  every  eruption,  as  the 
greater  paroxysmal  eruptions  tear  away  the  sides  of  the  mouth  of  the 
volcano,  and  leave  a  very  large  and  deep  abyss.  This  is  afterwards 
rapidly  filled  up  by  the  accumulation  of  the  lava,  ashes,  cinders,  and 
lapilli  discharged  during  the  minor  emptions  which  follow,  until  we 
find  a  new  cone  growing  up  above  the  former  summit  of  the  moun- 
tain, and  this  has  at  its  apex  only  a  small  crater,  as  is  the  case  at  the 
present  time.  The  central  vent  is  then  almost  choked,  and  so  it 
remains  untU  another  paroxysmal  eruption  occurs,  when  the  new 
oone  is  blown  away,  and  a  great  crater  again  produced. 

Monte  Somma  we  find  to  be  a  semicircular  ridge  of  about  two 
miles  in  length,  with  the  face  opposite  to  the  cone,  forming  an  almost 
perpendiculfiu:  escarpment.      This,  being  a  ]^ot\ioix  ol  V2^  ^iDL^^^i«Sk% 
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wall  of  the  great  crater  whicli  existed  previoos  to  the  renewiloftti 
activity  of  the  volcano  in  79,  is  composed  entirely  of  voloanio  pn- 
ducts.  It  is  not,  however,  like  the  walls  of  the  craterB  of  tb 
Phlegrsean  fields,  made  up  of  tuff;  but  is  formed,  like  the  moden 
cone  of  Vesuvius,  of  a  series  of  beds  of  lava  alternating  with  laysi 
of  scorisB  and  ashes,  and  traversed  by  dykes  of  compact  dolnita 
The  lavas  of  the  Pre -historic  volcano  differ  considerably  from  thon 
of  modem  times,  the  latter  containing  little  free  leucitCy  and  mi 
more  than  six  or  seven  other  minerals ;  while  the  lavas  of  Sdidbi 
contain  a  great  abundance  of  leucite,  in  fine  trapezohedral  cxyatali^ 
as  well  as  a  large  number  of  associated  minerals.  The  beds  of  kn 
and  scorioB  composing  Monte  Somma,  overlie  the  rock  of  which  tin 
whole  of  the  lower  portion  of  the  mountain  is  composed,  and  which 
is  a  soft,  straw-coloured,  volcanic  tuff,  similar  to  the  rock  so  mQoh 
exposed  about  the  city  of  Naples,  and  through  which  is  excavated 
the  great  grotto  of  Posilipo.  This  is  evidently  the  oldest  prodoci 
of  the  volcano,  and  has,  doubtless,  in  part  at  least,  been  deposited 
under  water,  from  the  fact  of  several  species  of  marine  Mollusci 
having  been  found  in  the  tuff  of  this  neighbourhood.  The  funda- 
mental rock  of  the  district  is  the  Apennine  limestone,  which  is  of 
Cretaceous  age,  and  on  this  the  whole  mountain  reposes. 

Kesina,  one  of  the  populous  towns  at  the  foot  of  the  mountain, 
and  on  the  shore  of  the  bay,  is  the  usual  starting  place  when  the 
ascent  of  the  mountain  is  made.  This  town  is  built  upon  the  lava 
of  1631,  which  overlies  the  bed  of  tuff  in  which  Herculaneum  ub 
entombed.  After  leaving  Resina,  the  path  traverses  highly  culti- 
vated and  very  fertile  vineyards  and  gardens,  in  which  the  famous 
wine  "  Lachryma  Christi  *'  is  produced.  The  land  owes  its  great 
fertility  to  the  felspathic  matter  derived  from  the  decomposition  of 
the  underlying  lavas.  After  ascending  gradually  for  about  two 
miles,  the  lava  of  1858  is  reached,  and  the  scene  is  entirely  dianged; . 
for  from  this  point  to  the  summit  there  is  not  a  trace  of  vegetation. 

The  appearance  of  the  surface  is  very  extraordinary,  from  the  gro- 
tesque and  varied  forms  the  lava  has  assumed  in  cooling.  The 
colour  of  the  recent  lavas  is,  in  some  places,  black;  in  others,  a 
dark  brown ;  and  the  surface  is  exceedingly  rough  and  difficult  to 
walk  over.  The  ridge  of  the  Crocelle  rises  out  of  this  sea  of  lava, 
and  on  its  summit  stand  the  Hermitage  and  Observatory. 

From  the  Crocelle  the  observer  looks  over  that  part  of  the  moun- 
tain down  which  the  red  hot  lava  flowed  during  the  reoent 
eruption.  The  lava  of  this  year,  it  appears,  issued  from  the  top  of 
the  old  cone,  and  descended  its  side  for  some  time  in  a  splendid 
fiery  stream ;  but  this  stream  becoming  covered,  by  cooling,  with 
a  crust  of  hardened  lava,  the  fluid  was  not  seen  until  it  had 
reached  the  base  of  the  cone,  when  it  came  to  the  surface,  issuing  in 
small  streams  at  various  points.  These  streams  run  slowly  and 
noiselessly  along,  losing  their  brightness  very  quickly,  soon  becoming 
covered  with  scoriae,  and,  after  flowing  about  a  hundred  yards,  losing 
their  fluidity  and  breaking  up  into  cindery  masses,  which  form 
ridges  not  unlike  unfinished  railway  embankments.     After  passing 
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die  Hermitage  and  Observatoxy  and  trayoraing  the  Oocelle,  the  path 
altera  the  Atrio  del  Cavallo,  from  which  the  aaoent  of  the  cone  ia 
made.  As  the  inclination  of  the  aides  of  the  cone  ia  40^,  and  the  sor- 
fboe  covered  with  loose  masses  of  scoriaB  of  all  sizes,  this  is  the  moat 
difficult  and  laborioos  part  of  the  whole  ascent.  Perseverance,  bow-' 
ever,  lands  the  traveller  at  length  on  the  top  of  the  old  cone,  where 
lia  finds  himself  on  a  narrow  terrace  surrounding  the  base  of  the 
small  cone,  formed  during  the  recent  eruption.  This  new  cone  is 
found  to  be  about  two  hundred  feet  high,  with  sides  comparatively 
smooth,  the  upper  part  being  covered  with  beautifully  and  vari- 
osaly  coloured  incrustations,  the  sublimates  of  the  volcano.  Sulphur 
was  very  abundant,  and  sidphate  of  copper,  from  its  bright  olue 
colour,  very  conspicuous.  Great  quantities  of  vapour  rise  from  the 
Bor&ce  of  the  new  cone,  and  these  fumes  become  so  denae  at  the 
summit  as  almost  to  conceal  the  edge  of  the  crater.  At  the  time  of 
the  lecturer's  visit,  in  March,  1868,  scorias  and  ashes  were  being 
shot  forth  to  a  great  height  from  the  crater,  with  loud  ezplosiona 
and  rattling  subterranean  noises.  The  interior  of  the  crater  had 
a  very  wild  and  extraordinary  aspect,  and  formed  a  striking  contrast 
to  the  bright  and  peaceful  scene  presented  to  the  eye  when  turned 
in  the  opposite  diroction ;  for,  from  the  summit  of  Vesuvius,  a  grand 

Kioramic  view  is  obtained  of  the  sceneiy  around  the  world-famed 
y  of  Naples,  which,  once  seen,  is  never  to  be  forgotten. 


I. — ^Maw*s  Obtotn  and  Destiny  sketohkd  from  ths  Platform  of  ths 
Sciences  (being  a  course  of  Lectures  delivered  before  the  Lowell 
Institute  in  Boston,  1865-6).  By  J.  P.  Lesley,  Memb.  National 
Acad.  U.S.,  and  Sec.  American  Phil.  Soc.  8vo.  pp.  384.  London : 
N.  Trdbner  and  Co.     1868. 

THIS  course  of  lectures,  though  not  entirely,  or  even  largely,  geo- 
logical, yet  contains  many  references  to  the  method  of  geological 
investigation,  and  many  descriptions  of  geological  facts  bearing  on 
the  question  of  the  Origin  of  Man.  These  features  we  gladly  seise 
upon,  and  invest  with  perhaps  too  great  importance,  as  an  excuse 
for  reviewing,  in  a  purely  geological  publication,  a  book  so  cal- 
culated to  interest  every  intelligent  man. 

Mr.  Lesley  adopts  the  safe  plan  of  giving  his  hearers  some  pre- 
liminary knowledge  of  "  the  sciences,"  from  whose  "  platform"  he 
intends  to  sketch  **  Man's  Origin  and  Destiny ;  '*  and  to  avoid  an 
evil  of  great  importance  and  very  common  occurrence,  viz.,  giving 
undue  weight  to  one  particular  branch  of  knowledge  at  the  expense 
of  others,  he  exhibits  a  classification  of  the  sciences  in  a  scheme 
designed  to  show  their  individual  scope  and  mutual  relations.  As  this 
scheme  is  in  some  respects  peculiar  we  subjoin  it  for  our  readera' 
consideration. 

Classification  of  thv  Sciekcbs. 
I.  General  Sciences  : — 1.  Philosophy.    2.  Bibliography. 

II.  Mathematical  Soienors  :  —  1.  Mnthematies.  2.  Astronomy.  8.  Meteoro- 
logy.   4.  Geodesy.    5.  Geography.    6.  Physics,  leading  to  the 
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III.  IwoBOANio  Sciences  :-~1.  Chemistry.  2.  Minenlogj.  S.  VMbtQ* 
4.  Geology.     6.  Paleontology,  leading  to  the 

IV.  Oboanio  Sciences: — 1.  Biology.  2.  Botany.  3.  Zoology.  4.  MefitM^ 
leading  to  the  group  of  the 

V.  Historical  Scibnobs: — 1.  Chronology.  2.  Mythology.  S.  ArduBohgy. 
4.  Ethnology.    6.  History,  leading  to  the 

YI.  Social  Sciences: — 1.  Sociolo^  or  Statistics.  2.  MannfiMStiire.  3.  Gob* 
merce.    4.  Defence.    6.  Equity,  leading  to  the 

Til.  Intellectual  Sciences  : — 1.  Language.  2.  Belles  Lettres.  3.  Fiseiik 
4.  Metaphysics.    6.  Education.     6.  Philanthrophy.    7.  Wozship. 

VIII.  Personal  Science  : — 1.  Biography. 

A  perusal  of  the  first  lecture  reveals  to  ns  Mr.  Lresley's  hi^ 
qualifications  as  a  teacher.  His  ''  way  of  putting  things  "  is  bo  apt» 
and  so  likely  to  remain  impressed  on  the  memory.  The  growtli  of 
sciences,  for  example,  is  described  as  analogous  to  that  of  empiies. 
"Their  boundaries  shift.  Smaller  states  are  absorbed  into  king- 
doms. On  the  other  hand,  empires  which  have  been  indiscreetly 
enlarged  by  an  agglomeration  of  hostile  or  unsympathizing  nation- 
alities, fall  asunder,  and  out  of  the  dihris  are  instituted  separate  and 
almost  independent  rdgimea" 

Mr.  Lesley  quotes  ''Geology  as  illustrating  both  these  tendencieBy" 
in  the  following  passage  (p.  4) : — 

'*  At  first  it  was  like  one  of  those  wild  tribes  of  Germany  that  oon- 
quered  the  Boman  empire.  It  was  a  rude,  undisciplined  study  of  a 
few  of  the  most  prominent  features  of  the  ground.  But  gathering 
strength  as  it  developed  the  observing  faculties,  and  emancipating 
itself  from  its  aboriginal  superstition  of  the  Lusua  Natune,  adopt- 
ing the  purer  faith  in  cause  and  effect,  it  conquered  and  subjugated, 
one  by  one,  all  the  other  branches  of  human  knowledge.  The  dukes 
of  this  new  Burgundy  outshone  and  outweighed  their  liege  lords — 
kings  and  emperors.  Its  later  princes — Von  Buch,  De  Beaumont, 
Murchison,  and  Lyell  formed  a  splendid  dynasty.  The  wealth  of 
the  whole  world  of  science  flowed  into  its  public  treasury.  They 
were  even  not  afraid  to  wage  war  against  the  world  of  metaphysics, 
and  it  seemed  as  though  Church  as  well  as  State  would  be  absorbed 
into  one  great,  upstart,  irresponsible  despotism." 

These  extracts  will  give  an  idea  of  Mr.  Lesley's  style,  and  of  his 
mode  of  treating  the  subjects  of  his  lectures.  We  must  now  give  a 
brief  sketch  of  his  book. 

Contrasting  the  genius  and  the  method  of  the  ancient  sciences 
with  those  of  the  modern,  he  brings  out  prominently  the  childish, 
fanciful,  credulous,  and  purposeless  character  of  the  former,  in  con- 
trast to  the  practical,  critical,  and  comprehensive  nature  of  the  latter. 
He  sums  up  the  whole  distinction  of  method  in  one  sentence,  by 
saying  that  modem  sciences  replace  fancy  by  experiment,  though 
perhaps  investigation  would  have  been  a  more  comprehensive  and 
accurate  terra. 

The  **  Antiquity  of  Man  "  is  a  theme  upon  which  Mr.  Lesley  has 
naturally  much  to  say  ;  and  extremely  well  he  places  before  an  im- 
Bcientifio  audience  the  facts  upon  which  we  now  rely  as  proofs  of  the 
ancient  date  of  man's  first  appearance  on  the  earth.  Not  content, 
however,  with  a  bare  statement  of  these  facts,  our  author  gives  a 
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Indd  history  of  the  cinmmstances  which,  one  by  one»  led  to  an  ao- 
knowledgement  of  the  true  meaning  of  the  disooveriea  whidh  had 
been  made  from  time  to  time  dming  the  List  forty  yean,  after  they 
had  been  sacceBsiYely  smothered,  doubted,  or  explained  away  by  the 
advocates  of  the  once  omnipotent  <'  Diluvial "  theoxy. 

The  antiquity  of  man  being  now  taken  as  aooepted,  it  famishes 
Mr.  Lesley  with  a  new  starting  point,  and  at  once  suggests  the 
question,  what  manner  of  men  were  they  who  made  the  flint  im- 
plements ?  Therefore,  in  his  fourth  lecture,  entitled  "  On  the  Dignity 
of  Mankind,"  he  discusses  the  origin  of  species  from  the  opposing 
standpoints  of  Darwin  and  Agassiz,  and  more  especially  the  relatioii 
of  man  to  the  lower  animals.  He  thus  leads  his  readers,  as  he  led 
his  hearers,  through  the  stages  of  the  old  controversy  which  we,  in 
England,  have  heard  so  often.  Our  author's  own  conclusion  seems 
to  be  that,  so  far  as  natural  science  can  guide  us,  the  di&renoes 
between  man  and  the  higher  apes  are  but  differences  of  degree,  but 
he  adds  that  the  imperfection  of  our  data,  and  the  mystery  attaching 
to  the  functions  of  Uie  brain,  should  make  us  temperate  in  entertain- 
ing convictions  on  the  subject. 

<*The  Unity  of  Mankind,"  the  subject  of  the  next  lecture,  is 
cognate  to  the  last,  and  it  is  with  no  surprise  that  we  read  the 
anther's  inference  as  addressed  to  a  Boston  audience.  We  wiU  let 
him  speak  for  himself: — "I  account  it  probable,  then,  that  the  races 
of  mankind  have  always  been  distinct ;  and  that  they  probably  made 
their  appearance  on  the  planet  successively ;  perhaps  the  black  and 
meagre  races  first,  and  the  white  races  last  It  would  not  be  strange 
also  to  find  their  history  running  parallel  with  that  of  the  apes  and 
monkeys." 

We  must  pass  by  Mr.  Lesley's  well-told  history  of  the  early  social 
life  of  man,  and  his  discussion  of  language  as  a  test  of  race,  merely 
recording  our  assent  to  his  negation  of  the  theory  that  it  can  be  so 
used,  and  proceed  to  give  a  sketch  of  the  author's  apparently  fftvourite 
idea  of  what  he  terms  Arkite  Symbolism.  This  theory  "  starts  from 
a  given  point,  the  already  established  worship  of  the  mountain,  ship, 
and  flood,  without  explaining  how  this  worship  was  begotten ;  only 
denying  that  it  was  developed  intellectually  out  of  Fetichism,  Ophism, 
Mithraism,  Phallism,  or  any  other  known  mythology ;  and  affirming, 
on  the  contrary,  that  it  explains  and  embraces  them."  This  is  the 
author's  concluding  sentence ;  and  it  probably  gives  as  lucid  an  idea 
of  his  theory  as  any  description  of  our  own.  However,  let  us 
retrace  our  steps  for  a  moment  to  his  lecture  on  the  Origin  of  Archi- 
tecture, and  see  what  assistance  that  will  give  us.  The  simplest  and 
oldest  example  of  architecture  is  seen  in  the  sepulchral  mount  The 
tumulus  passes  onwards  into  the  pyramid,  then  the  propylon  of  the 
Egyptian  tomplo,  then  the  pagoda,  and  so  forth.  Now  Mr.  Lesley, 
although  admitting  that  caves,  basaltic  columns,  forests,  and  so  forth, 
may  have  8iig<;csted  at  different  periods  certain  points  of  detail,  con- 
siders that ''  they  offer  no  sufficiently  broad  explanation  for  the  great 
mystery  of  its  original  conception  in  the  human  mind."  He  cites 
various  temples, — Egyptian,  Hindu,  NorwegiaUi  ^o.^ — as  covkWA^^ 


338        BeviewB — Lesley^s  Origin  and  Destiny  of  Man. 

of  two  chief  members,  the  lower  being  a  square  pyramid*  the  upper 
an  overhanging  box;  the  former  represents  Ararat.,  the  latter  the 
ark  that  rested  on  its  summit.  By  and  by  there  arose  in  Egypt  a 
duplicated  type  of  temple,  symbolizing  two  mountains  side  by  side, 
each  with  an  ark  on  its  summit  The  Christian  cathedrals,  alflo^ 
according  to  Mr.  Lesley,  were  built  upon  this  plan,  "with  the  diffar- 
ence  that  a  single  ark  (or  nave)  was  placed  between  the  two  mountaioB 
(or  towers).  What  is  the  meaning  of  this?  Why,  that  the  summit 
of  Ararat  consists  of  two  cones,  between  which  it  is  supposed  that 
the  Ark  rested.  In  the  same  manner  we  have  the  origin  of  the 
the  obelisk,  the  column,  and  so  forth.  The  Doric  column,  however, 
carries  the  symbolism  still  further;  for  it  "is  channelled  like  a 
mountain  with  valleys." 

Similarly  the  discussion  of  the  origin  of  the  alphabet  furnishes  a 
number  of  examples  of  the  dominant  Arkite  mythology,  the  letter  A 
being  essentially  nothing  but  a  pyramid.  In  fine,  according  to  Mr. 
Lesley,  the  beginning  of  everything  is  Arkite. 

He  refers  all  forms  of  religious  worship  to  one  or  another  of  four 
types,  namely  (1),  the  worship  of  the  dead  ;  (2),  the  worship  of  the 
powers  of  nature ;  (3),  the  worship  of  God  in  heaven  ;  and  (4),  the 
worship  of  the  universe.  He  regards  these  as  four  successive  stages 
in  the  order  of  the  development  of  the  human  intelligence  governing 
the  exercise  of  the  instinct  of  worship ;  and  not  only  philosophically 
consecutive  in  the  order  of  nature,  but  to  a  certain  extent  also  his- 
torically consecutive  in  the  order  of  time.  He  states,  however,  that 
in  some  ages  they  have  co-existed,  and  in  some  countries  have  been 
intermixed. 

For  evidence  of  the  worship  of  the  dead  Mr.  Lesley  refers  to  the 
Aurignac  cave,  to  the  Druidical  dolmens,  cromlechs,  and  other 
grave  structures.  The  worship  of  the  powers  of  nature  he  describes 
as  being  in  its  lowest  form  Fetichism,  and  in  its  higher  forms 
astrology  and  fire-worship.  The  description  of  the  third  type  of 
religion — "  the  worship  of  the  invisible  God  as  a  creator,  preserver, 
benefactor,  and  judge," — leads  him  to  the  question  how  this  original 
conception  was  generated  in  the  soul  of  man.  He  discusses  the 
manifestation  of  this  idea  as  preserved  in  the  Biblical  record  from 
the  time  of  Abraham,  and  in  the  hymns  of  the  Rig  Veda. 

The  highest  type  of  the  religious  idea  Mr.  Lesley  holds  to  be 
Pantheism,  the  philosophic  idea  of  God  ;  but  he  regards  it  impossible 
that  this  form  of  religion  should  ever  become  universal. 

The  third  type  of  religious  worship  is  of  course  a  fruitful  source 
of  discussion  and  controversy.  Its  origin,  the  primary  connection 
of  its  numerous  varieties,  the  mythologies  and  the  cosmogonies,  are 
subjects  which  have  been  discussed  by  able  writers  of  all  ages  and 
all  civilised  nations.  Mr.  Lesley  rejects  the  common  explanations 
as  possessing  no  system  and  no  basis ;  and  he  finds  the  "  safe  clue 
to  the  labyrinth"  in  his  universal  Arkite  symbolism.  This  talisman 
explains  the  origin,  not  only  of  the  alphabet  and  of  architecture,  but 
it  unriddles  the  sphinx  and  all  the  symbols  and  hieroglyphics  of 
Egypt  and  Asia.     Indeed,  he  states  that  just  as  the  seven  notes  of 
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mono  have  foimBhed  to  oomposers  the  material  of  their  melodies 
and  harmonies,  so  have  the  three  elements  of  Arkite  symbolism — 
the  ark,  the  mountain,  and  the  flood — yielded  the  fondiunental  idea 
which  is  embodied  in  the  numberless  myths,  monuments,  symbol^, 
and  inscriptions  of  ancient  civilization. 

It  is  quite  possible  that  the  symbols  of  the  ark,  mountain,  and  flood 
are  portrayed  in  some  of  the  instances  quoted  by  Mr.  Lesley,  as, 
indeed,  other  investigators  have  pointed  out  likewise ;  but  every  man 
has.liis  own  particukr  hobby,  lAx.  Lesley's  being  Arkite  Symbolism. 

We  cannot  conclude  this  notice  without  expressing  our  thanks  to 
the  author  for  supplying  us  with  so  readable  a  book ;  and  we  hope 
it  may  not  be  long  before  a  new  edition  is  called  for ;  which  will 
furnish  us  with  another  opportunity  of  improving  our  acquaintance 
with  so  agreeable  a  fellow-traveller,  writer,  and  lecturer. 


n. — Acadian  Oxolooy. — ^Thx  Okolooioal  Ststjotubs,  Obganio  Bb- 
MAINS,  AND  Mineral  Bssotjbcss  of  Nova  Scotia,  Nsw  Bbunswiok, 
AND  Pbincb  Edwabd  Island.  By  John  William  Dawson,  M.A., 
LL.D.,  F.B.S.,  etc.,  etc.  Second  edition.  Londoii:  Macmillan 
and  Co.     1868.    8vo.  pp.  694. 

f  ilUIBTEEN  years  have  passed  since  the  first  edition  of  this  work 
J.  was  published.  During  that  interval  its  distinguished  author 
has  been  dSligently  and  successfully  prosecutiDg  his  investigations  in 
Acadian  geology.  He  has  issued  numerous  memoirs,  in  British  and 
American  journals,  on  the  physical  structure  of  the  region  which  he 
has  made  so  completely  his  own,  and  on  the  or]^anic  remains  dis- 
covered there — memoirs  which  have  not  only  elucidated  the  geo- 
logical history  of  Acadia,  but  have  largely  contributed  to  a  just 
appreciation  of  the  physical  and  biological  conditions  of  the  pafaso- 
zoic  epoch  in  other  regions  of  the  earth.  These  various  memoirs, 
along  with  observations  hitherto  unpublished,  are  digested  and  in- 
corporated with  what  was  published  in  1855,  producing  a  volume 
very  imperfectly  characterized  on  its  title-page  as  a  ''  second  edition, 
revised  and  enlarged,"  inasmuch  as  it  contains  about  five  times  more 
matter  than  the  original  work.  It  would  be,  as  is  evident,  a  vain 
undertaking  to  endeavour  to  present  to  the  reader  an  acount  of  tha 
additions  contained  in  this  edition;  we  shall  examine  at  greater 
length  the  important  exposition  of  the  Palsoozoic  flora,  first  glancing 
only  at  one  or  two  other  points  of  importance. 

The  earlier  chapters  on  the  Boulder-day  and  subsequent  deposits 
have  a  special  interest  at  present.  The  chapter  on  the  Micmao 
Indians,  and  the  results  produced  by  forest  fires,  abound  with  obser- 
vations which  must  receive  the  careful  consideration  of  those  in 
Europe  who  are  investigating  the  question  of  the  antiquity  of  man. 
We  have  a  long  historic  period  in  Europe,  the  earlier  portions  of 
which,  in  those  districts  where  investigations  as  to  man's  antiquity 
have  been  carried  on,  are  very  obscure  and  mythical,  while  the  pre- 
historic period  is,  as  regards  the  measurement  of  time,  utterly  with- 
out any  certain  indications.     Successions  of  events  can  be  deter- 
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mined  Batdsfactorily,  but  estimates  of  the  time  required  for  liieir 
occurrence  are  of  necessity  purely  hypothetical.  Any  help  to  tliB 
discovery  of  a  trustworthy  time-measurer  would  be  of  great  sfflnrice. 
In  the  history  of  the  Micmacs  and  in  the  succession  of  forests,  in  the 
same  localities,  resulting  from  natural  causes,  and  within  a  known 
time.  Principal  Dawson  believes  that  he  has  data  for  Tnalntaining 
that  a  much  shorter  period  was  required  for  the  ethnologioal  and 
phytological  changes  in  Denmark  and  other  places  than  is  generally 
demanded  by  antiquarians. 

The  Glacial  phenomena,  with  the  associated  drift,  are  aacszibed  to 
the  action  of  the  sea  cmd  its  currents  bearing  ice  at  certain  seasons 
of  the  year,  accompanied  with  a  gradual  subsidence  and  re-elevation 
of  the  land,  while  the  action  of  Glaciers  was  very  subsidiary. 
Considerable  confusion  has  arisen  from  generalizing  on  the  origin  of 
Boulder-clays  from  observations  made  in  circumscribed  localities. 
The  Boulder-clays  of  the  South  of  England  differ,  as  is  well-known, 
from  those  of  Scotland.  They  contain  boulders  from  distant 
localities,  associated  with  some  obtained  from  neighbouring  rocks, 
while  in  Scotland  the  deposits  are  local,  all  the  boulders  being 
derived  from  higher  portions  of  the  water-system  in  which  they 
occur,  and  the  clay  itself  deriving  its  colour  from  the  predominant 
rocks  of  the  district  where  it  occurs,  and  from  which  it  was  derived. 
The  local  glacier  will  alone  account  for  the  Scottish  Boulder-clay, 
while  the  phenomena  of  the  English  deposit  requires  the  floating 
iceberg.  It  is  quite  evident  that  the  Acadian  Boulder-clays  agree 
more  with  those  of  the  South  of  England ;  but  while  arguing  for 
their  oceanic  origin,  Dr.  Dawson  must  admit  the  local  glacier  origin 
of  other  deposits. 

We  must  pass  over  the  tempting  record  of  the  discovery  of  the 
land  animals  of  the  Devonian  and  Carboniferous  periods,  and  the 
interesting  account  given  of  this  singular  fauna,  which  have  been 
unearthed  first  and  chiefly  in  Acadia,  and  by  the  labours  of  Principal 
Dawson ;  but  we  must  especially  notice  the  important  observations 
he  has  made  on  the  Flora  of  these  periods.  The  learned  author  has 
devoted  his  special  attention  to  the  investigation  of  this  vegetation 
which  has  left  so  large  a  record  in  the  earth's  crust  He  has  greatly 
added  to  the  nimiber  of  known  species,  he  has  examined  into  the 
conditions  of  the  accumulation  of  coal,  and  determined  the  various 
microscopic  structures  which  are  met  with  in  the  coal  itself.  And 
now  he  proceeds  a  stage  further,  and  re-uniting  the  broken  and 
scattered  fragments  of  the  plants,  he  builds  up  in  a  series  of  restora- 
tions what  appears  to  him  to  have  been  the  aspect  of  the  living 
plant.  In  the  animal  kingdom  the  work  of  restoration  depends  more 
on  observation  than  on  imagination,  as  the  different  parts  of  an 
orgcmism  bear  a  tolerably  definite  proportion  and  relation  to  each 
other ;  but  in  the  vegetable  kingdom,  on  the  other  hand,  imagina- 
tion must  be  the  chief  source  of  restoration  where  the  preserved 
materials  are  few  and  imperfect,  as  no  relationship  exists  between 
the  size  of  the  fruit,  the  flower,  or  the  leaf,  and  the  branch,  the 
trunks  or  the  root.     A  careful  comparison  of  the  various  organisms 
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and  Btmctnrea  preserved  together  may  check  the  imagination,  and 
caatiaoB  inductioiiB  on  their  affinities  may  came  very  near  to  a  d«- 
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monstntion  of  their  relations ;  but  die  only  method  of  determining 
with  certainty  the  different  parts  of  a  v^etable  oiganism  is  tlie 
disoorery  of  these  parts  in  organic  connection.  Thos  in  SigiQariOj 
as  long  as  we  know  that  it  had  a  long  fluted  and  scarred  tnmk  and 
stigmaria  root,  and  only  this,  we  may  restore  it  as  a  simple,  didioto- 
moas  branching,  or  irregularly  and  repeatedly  branching  stem 
covered  with  small,  long,  or  fem-like  leaves ;  and  each  of  these,  as 
UiT  as  the  materials  over  which  our  restoration  is  based,  with  equal 
accnnK^. 

The  most  curious  restoration  in  the  volume  is  that  of  MegaphfUm, 
(Fig.  1)  of  which  genus  all  that  we  know  is  that  it  had  a  laige  trunk 
with  two  opposite  rows  of  large  reniform  or  oval  scars  and  numerous 
smaller  scars  covering  the  rest  of  the  stem.  This  Dr.  Daweon 
restores  as  a  tree-fern  bearing  opposite  pairs  of  enormous  fronds. 
We  cannot  understand  how  the  vascular  tissue  was  developed  to 
form  so  large  a  stem  when  the  leaves  were  fiur  removed  on  the 
opposite  surfaces,  and  their  bases  not  amplexicaul.  So  opposed  is 
this  to  what  is  known  in  any  recent  plant  that  we  prefer,  vriih  M. 
Ad.  Brongniart,  to  consider  the  large  scan  as  produced  by  biandies, 
by  peduncles,  or  by  adventitious  roots,  nther  than  by  leaves,  and  to 
place  Megaphyton  along  with  Ulodendran  as  an  ally  of  Lepidoiesirtm. 

In  the  restoration  of  Chlamiies  we  believe  there  is  reason  for  going 
further  than  is  done  in  Fig.  2.  The  structure  and  arrangement  of 
the  fruit  and  the  foliage  in  Asterophyllites,  Annularta^  and  SphefUh 
phyUum  are  the  same.  Their  remains  are  associated  with  those  of 
Calamodendron,  and  when  the  structure  of  the  stem  is  preserved  it  is 
found  to  be  the  same  as  that  of  this  genus.  Dr.  Dawson  has  himseK 
observed  this,  for  in  speaking  of  Asterophyllites,  he  says  that  they 
had  a  "  stout  internal  woody  cylinder,  in  which  respect  they  re- 
sembled miniature  Calamodendra.**  The  ribs  on  the  stems  were 
internal  in  the  branches  known  as  Asterophyllites  just  as  in  Ccdamo- 
dendron.  The  vascular  bundles  were  parallel  in  the  intemodes,  but 
interlaced  at  the  nodes  as  in  Eguisetum,  and  the  whorl  of  scars  (A'  and 
A*)  associated  with  the  interlacings  at  the  nodes  represent  the  open- 
ing of  the  meshes  through  which  the  vascular  bundles  passed  to  the 
whorl  of  leaves  or  branches  produced  at  the  nodes.  Nothing  is 
known  of  Calamodendron  by  those  who  retain  it  as  a  distinct  genus, 
but  that  it  was  a  stem  ;  associated  with  it  are  these  branches,  leaves, 
and  fruit,  which  agree  in  structure  with  it — and  that  they  actually 
belonged  to  it  can  scarcely  we  think  be  doubted.  The  fruit  was 
certainly  that  of  a  cryptogam  belonging  to  the  Order  Equisetacea — 
but  to  this  is  opposed  the  statement  that  disc-bearing  tissue  charac- 
teristic of  gymnosperms  enters  into  the  composition  of  the  stem  of 
Calamodendron.  We  have  carefully  examined  several  beautiful 
stems  belonging  to  Mr.  Binney,  and  a  large  series  of  our  own  from 
the  Ash-bed  in  Arran,  but  have  failed  to  detect  any  disc-bearing 
tissue.  The  whole  vascular  portion  of  the  stem  is  made  up  of 
scalariform  tissue,  as  in  the  larger  number  of  vascular  cryptogams, 
but  differing  in  this  respect  remarkably  from  the  recent  Equisetacea 
It  would  greatly  add  to  the  value  of  Dr.  Dawson's  restorations  and 
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of  one's  estimate  of  the  systematic  positioii  of  the  plants  he  is  dealing 
with  if  it  were  obvious  how  tar  the  Btructnre  he  ascribes  to  Oiem  haa 
been  found  by  turn  in  sliced  sections  of  prepared  specimens  of  the 
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stems  themselves,  wliieh  could  without  doubt  be  referred  by  fhor 
external  characters  to  a  particular  genus. 

The  beautiful  specimens  of  Cblamttea  nocZosiia,  Schloth.,  figured  bj 
Lindlcy  and  Hutton,  belonged  to  a  repeatedly  branching  plapt,  and 
were  not  simple  plants  as  represented  atC,  Fig.  2;  an  examination  of 
the  original  specimens  now  deposited  in  the  Newcastle  Masena 
shows  that  the  form  to  which  they  gave  this  name  are  really  iht 
branched  fniiting  spikes,  and  not  the  true  foliage  of  CSo^oflitlet. 

Our  own  observations  in  regard  to  the  structure  of  these  pboli 
differ  so  much  from  those  of  Dr.  Dawson  that  we  are  compelled  to 
modify  somewhat  the  systematic  position  he  gives  to  SigStmnam 
well  as  to  Calamodendron.  It  is  remarkable  that  so  little  is  known 
of  a  genus  of  plants  which  are  so  abundant  in  Carboniferons  stnti, 
and  the  more  so  that  every  particular  is  known  regarding  the  stmcv 
ture  of  its  associated  genus  Lepidodendron.  Dr.  Dawson  has  ample 
authority  for  his  restoration  of  his  L.  eorrugatum  (Fig.  3)  as  far  as  it 
goes.  The  sporangium  may  have  been  of  a  different  form,  and  only 
one  connected  with  each  scale,  as  in  Lepidostrobus ;  but  otherwise 
there  can  be  no  hesitation  in  co-relating  all  the  other  parts.  The 
author  has  done  good  work  in  tracing  the  different  forms  of  scars, 
which  without  persevering  research  would  have  been,  by  a  more 
hasty  and  careless  worker,  referred  to  several  distinct  species.  That 
Lepidodendron  belongs  to  the  vascular  cryptogams,  and  had  the  habit 
of,  if  it  did  not  Ix'long  to  the  Order  of  LyeopodiacecB  every  one 
acknowledges.  And  that  in  all  characters  in  which  they  can  he 
compared — except  the  microscopic  structure  of  the  vascular  axis  of 
the  stem — tlicse  two  genera  were  closely  allied  is  also  generally 
admitted — indeed  it  is  very  difficult  in  many  cases  to  determine  to 
which  of  the  genera  some  species  should  bo  referred,  and  no 
characters  can  ho  drawn  which  will  suffice  to  distinguish  the  jPam- 
laria  group  of  Sigillaria  from  the  group  of  Lepidodendron  to  which 
Dr.  Dawson  apj>lie8  the  name  Lepidophloios. 

The  characters  derived  from  the  internal  structure  of  the  stem  are 
those  upon  which  tlie  two  groups  are  separated  into  genera,  and  by 
some  authors  placed  widely  apart  systematically.  Brongniart's 
admirable  memoir  on  the  structure  of  Sigillnria  elegana  is  still  the 
most  complete  exposition  of  the  subject.  He  describes  it  as  consist- 
ing of  a  cellular  axis  suiTounded  by  a  double  cylinder  of  vascular 
tissue,  the  inner  consisting  of  distinct  bundles  of  a  limate  form  and 
the  outer  regularly  arranged  in  radiating  series,  sometimes  broken 
up  by  narrow  radiating  intervals  supposed  to  have  been  occupied  by 
medullary  rays.  Beyond  the  vascular  cylinder  was  a  cellular  layer, 
becoming  more  dense  towards  the  circumference,  and  traversed  by 
the  vascular  bundles  which  passed  out  to  the  leaves.  This  descrip- 
tion agrees  with  tlie  figure  given  by  Dr.  Dawson  (Fig.  4,  C),  except 
that  Brongniart  saw  no  indication  of  diaphragms  (a)  in  the  cellular 
axis,  or  of  a  cylinder  of  disc-bearing  tissue  (b) ;  and  also  with  the 
section  of  (Lepidodendron)  Lepidophloios  Acadianua  (Acadian  Geology, 
p.  457,  fig.  T). 

Dr.  Hooker,  in  his  Essay  on  the  Carboniferous  Flora,   doubts 
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these  so-called  medullary  rays  to  the  vascular  axis  and  to  the  s^ 
rate  internal  vascular  bundles,  together  with  the  entire  absenoe  of 
any  indication  of  the  cellular  structure  of  the  medollaiy  ray  in  radiil 
sections,  put  it,  in  our  estimation,  beyond  a  doubt  that  thej  oamiol 
be  considered  as  medullary  rays.  We  have  never  met  with  a  speci- 
men of  Sigillaria  in  which  the  woody  cylinder  was  presenredt  hiA 
we  have  examined  a  large  series  of  SHgmaria  in  which  the  Taaoolar 
tissue  was  in  a  good  state  of  preservation.  The  vascular  axis  of 
Stigmaria  is  certainly  composed  entirely  of  scalariform  TesselB,  po*- 
fectly  free  from  medullary  rays,  but  traversed  in  an  upward  and  out- 
ward direction  by  vascular  bundles  which  pass  firom  the  interior  of 
the  cylinder  through  the  meshes  made  by  the  opening  and  dosing  of 
the  vascular  tissue.^  So  far  this  agrees  with  what  was  observed  and 
figured  by  Brongniart  in  the  stem  of  Sigillaria  elegans,  with  Binney's 
Sigillaria  vascfdaria,  with  Lindley  and  Hutton's  L^dodendron  Ear- 
courtiif  and  with  several  specimens  of  Lepidodendron  which  we  have 
examined.  If  true  disc-bearing  gymnospermatous  tissue  has  been 
found  in  situ  forming  an  outer  layer  surrounding  the  scalarifonn 
tissue,  the  notions  hitherto  entertained  regarding  the  systematic 
position  of  this  genus  deduced  from  the  structure  of  the  stem  will 
be  greatly  modified.  But  its  absence  in  those  exquisitely  preserved 
stems  of  which  drawings  and  descriptions  have  been  published,  as 
well  as  in  Stigmaria,  the  undoubted  roots  of  SigtUaria,  makes  us 
hesitate  to  refer  such  tissue  found  in  coal  to  this  genus,  and  set  aside 
any  argument  based  upon  this  to  place  SigtUaria  as  high  in  the 
vegetable  kingdom  as  the  Gymnosperms.  No  argument  can  be  built 
upon  the  supposed  fruits  of  Sigillaria,  for,  as  yet,  no  one  has  found 
them  so  related  as  to  make  their  connection  probable. 

The  only  Gjnfnnosperm  in  Principal  Dawson's  list  is,  we  believe, 
the  genus  Dadoxylon,  and  it  is  woiihy  of  remark  that  if  complexity 
in  the  structure  of  the  medullary  ray  be  any  indication  of  higher 
orgimisation,  then  these  Palaeozoic  conifers  were  more  highly  or- 
ganised than  any  that  have  followed  them. 

To  conclude,  the  evidence  before  us  is  greatly  in  favour  of  reduc- 
ing Sigillaria  from  the  Gymnosperms  to  the  neighbourhood  of 
Jjepidodendron  among  the  vascular  cryptogams,  and  of  placing 
Megaphyton  beside  them  rather  than  among  the  ferns,  and  of  reduc- 
ing also  Calamodendron  and  imiting  it  with  Calamite8  as  a  genus  of 
Equisetacea. 

While  differing  in  these  respects  from  the  conclusions  of  Dr. 
Dawson,  it  requires  only  a  glance  at  the  work  by  a  student  of  these 
ancient  forms  of  vegetable  life  to  perceive  that  there  is  here  one  of 
the  most  important  of  modem  contributions  to  the  science  of 
paleeontological  botany.  W.  Carbuthebs. 

'  We  write  this  remembering  tliat  Cotta  has  figured  a  longitudinal  section  of 

Stigmaria  JlcoideSy  the  vascular  tissue  of  which  is  composed  of  Cycadcan-like  vessels 

traversed  by  the  muriform  cells  of  medullarv  rays,  but  it  is  quite  certain  that  if  this 

is  a  faithful  representation  of  the  wood  ot  the  fossil,  the  fossil  is  not  Stigmaria 

Jicoi4et, 
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OvoLOGiCAL  SoGivTY  OF  LoNDON. — Maj  Gth,  1868. — ''  On  the  Qoi- 
ternary  Gravels  of  England."     By  Alfred  l^lor,  Esq.,  FX.a,  F.OA 

Mr  Tyler  first  compared,  by  means  of  sectionB  and  modelB,  the 
gravels  of  the  Aire  Valley  at  Bingley,  of  the  Tafif  Yale  betwea 
Quakers'  Yard  Junction  and  Aberdeen  Junction,  and  of  ihe  Yallej 
of  the  Rhonda  near  its  junction  with  the  Taff.  He  then  described 
the  cave-section  of  Bacon  Hole,  Grower,  and  the  sections  exposed  si 
Crayford,  Erith,  and  Salisbury,  comparing  the  angles  of  depo6iti0a 
of  gravel-beds  concealing  the  escarpment  of  the  Chalk  in  these  last 
three  localities  with  the  same  conditions  at  Brighton  and  Sangatte. 

By  comparing  the  gravel-beds  at  different  levels,  and  upon  strata 
of  different  age  and  configuration,  he  showed  in  what  respect  they 
differ  from  each  other.  The  bulk  and  height  of  the  Quaternary  de- 
posits had  strengthened  the  conviction  which  he  expressed  in  his 
previous  paper  (on  the  Amiens  gravel),  that  there  was  a  long  period, 
reaching  nearly  to  the  Historical  epoch,  in  which  the  rainfidl  was 
excessive,  and  which  ho  termed  the  "  Pluvial  period." 

These  sections  also  led  the  author  to  the  following  conclusions : — 
(1)  That  the  debns  was  deposited  by  land-floods,  and  that  the  mode 
of  deposition  was  quite  distinct  from  that  of  moraines  produced  by 
the  melting  of  ice.  (2)  That  the  character  of  the  deposits  in  the 
valleys  of  the  Aire,  Taff,  and  Rhonda  proves  that  they  were  formed 
under  similar  conditions.  (3)  That  these  gravel-beds  point  to  a 
Pluvial  period  of  great  intensity  and  duration.  (4)  That  the  ice- 
action  of  which  there  is  evidence  was  subordinate  to  the  aqueous 
action.  (5)  That  the  fossiliferous  Quaternary  deposits  have  been 
best  preserved  where  they  have  been  formed  in  cavities  lying  be- 
tween the  edge  of  the  bank  of  a  river,  estuary,  or  sea,  and  an  es- 
carpment running  parallel  with  it  at  no  great  distance,  (6)  That 
the  immediate  source  of  the  gravels  was  the  high  land  adjoining  the 
rivers,  whence  they  had  been  washed  down  by  rain,  with  the  assist- 
ance of  lateral  streams,  into  the  lower  ground,  where  they  had  come 
into  contact  with  larger  quantities  of  running  water,  had  been  mixed 
with  rolled  materials,  and  spread  in  thick  beds  over  the  bottoms  and 
slopes  of  valleys  or  the  sides  of  escarpmenta.  (7)  That  the  surface  of 
such  a  deposit  rarely  slopes  at  more  than  2°  or  4^,  while  the  slope 
of  the  beds  lower  in  the  series  near  the  escarpment  averages  12^^. 
The  escarpment  is  usually  concealed  under  a  coating  of  gravel  or  loess. 

Discussion. — Mr.  Prestwich  dissented  from  the  view  of  the  author, 
that  the  valleys  had  been  excavated  to  their  present  depth  before 
the  gravels  were  deposited ;  and,  with  reference  to  a  former  paper, 
explained  that  Mr.  Tylor  and  himself  had  taken  different  points  of 
observation  near  Montiers,  and  that  his  own  views  as  to  the  separa- 
tion, which  in  some  cases  may  be  shown  to  exist  betwen  the  high 
and  low  level  gravels,  were  correct. 

Mr.  Evans  also  combated  Mr.  Tyler's  views,  and  pointed  out 
the  difficulty  of  accounting  for  deposits  of  gravel  such  as  are  at 
present  found  in  valleys  already  excavated  to  ^eir  present  depth. 
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Mr.  W.  Boyd  Dawkins  objected  to  calling  in  bypoihetical  causes 
to  account  for  effects  when  existing  causes  are  sufficient,  and  cited 
Hie  sudden  melting  of  snow  as  a  sufficient  cause,  as  had  already 
been  suggested  by  Mr.  Prestwich. 

Sir  Charles  Lyell  supported  the  same  view,  and  mentioned  a 
oase  which  had  occurred  at  Salisbury  some  few  years  ago  as  an  in- 
stance of  the  effects  of  such  floods.  He  also  cited  the  existence  of 
flint  implements  in  the  gravels  on  either  side  of  Southampton  Water 
as  evidence  of  the  existence  of  man  during  a  long  period  of  excava- 
vation  of  valleys.  He  also  mentioned  the  discoveiy  by  Dr.  Harris 
of  flint  gravel  identical  with  that  of  the  present  vaUeys  beneath  the 
Basalt  of  Miocene  date  in  Antrim. 

Mr.  Searles  Y.  Wood,  Jun.,  insisted  on  the  impossibility  of  even 
an  enormously  increasing  rainMl  filling  the  valleys  as  suggested  by 
Mr.  Tylor,  and  pointed  out  the  influence  which  such  an  accession  of 
fresh  water  must  have  had  on  the  animal  life  in  the  estuaries.  He 
also  mentioned  tidal  action  as  an  excavating  agent  in  valleys. 

Prof.  Ansted  showed,  by  calculation,  that  even  a  vast  increase  in 
the  rainfall  would  not  suffice  to  fill  the  valleys  so  as  to  deposit  the 
gravels  as  at  present  found. 

Mr.  Whitaker  quoted  the  existence  of  distinct  terraces  of  gravel 
one  above  the  other  in  the  Thames  Valley  as  proving  the  gn^ual 
excavation  of  the  valloy. 

Prof.  Morris  doubted  as  to  the  precise  character  and  age  of  the 
deposits  in  the  valleys  in  South  Wales  having  been  accurately 
ascertained. 

Prof.  Ramsay  made  some  concluding  remarks  (as  President),  ex- 
pressing his  disagreement  with  the  views  of  the  author  as  to  the 
enormous  magnitude  of  the  ancient  rivers. 


ON  THE  CAUSE  OF  CONTORTIONS,  FAULTS,  AND  DISLOCATIONS  IN 

THE  CRUST  OF  THE  EARTH. 
Sir, — I  observe  from  several  recent  articles  in  the  Gkolooical 
Maoazine,  as,  for  example,  the  paper  of  Mr.  Wilson  in  your 
May  number  (p.  205),  and  the  letter  of  Mr.  Maw  in  that  for 
this  month  (p.  294r),  that  the  attention  of  geologists  is  being 
directed  to  the  mechanical  efiects  of  upheaval  or  depression  acting 
3n  extensive  portions  of  the  rocky  crust  of  the  earth.  May  I  be 
sillowcd  to  ask  the  consideration  of  those  who  may  be  engaged 
in  sach  inquiries  to  certain  passages  relating  to  this  subject  to 
be  found  in  my  volume  on  Yolcanos,  which  may  not  have  fallen 
ander  their  observation  ?  I  refer  especially  to  pages  46-62  (edit. 
LfOngman,  1862),  in  which  it  is  suggested  that  whether  the  dis- 
turbing force  be  elevation  or  depression  (arising  from  whatever 
sause),  there  must  exist  a  centre,  or  central  axis,  of  dislocation,  where 
the  disturbing  force  will  be  at  its  maximum,  and  also  some  lateral 
limits  beyond  which  it  does  not  operate ;  and  that  the  effect  pro- 
iuced  on  the  mass  of  rock  included  within  these  limits  must  be 
nmilar  to  "  that  which  is  known  to  be  produced  in  a  beam.  €a£^«iti 
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either  end,  and  broken  by  upward  pressure  at  its  oentre,  namdj,  t 
compression  which  takes  effect  in  the  central  part  heneaikj  and  in  ^ 
Literal  parts  adjoining  the  fixed  extremities  above  a  neutral  line  or 
'  pivot  axis ;'  while,  on  the  other  hand,  the  upper  portion  of  tiie 
central  parts  and  the  lower  strata  of  the  lateral  parts  will  be  sub- 
jected to  a  tearing  strain."  The  resulting  effect  of  sucli  dislocating 
forces  on  rocks  of  so  rigid  and  coherent  a  character  as  to  break  rather 
than  bend,  or  yield  like  a  liquid  or  pasty  mass  under  pressure,  would 
be  to  cause  rents  at  right  angles  to  the  direction  of  the  dislocatiDg 
force  and  *'  gaping,"  i.e.  widening  upwards,  in  the  case  of  an  elevi- 
tory  action  about  the  centre  and  downwards  about  the  lateral  portions, 
and  vice  verad,  of  course,  in  the  case  of  a  depressing  action.  If  any  of 
these  rents  opened  so  far  downwards  as  to  reach  a  mass  of  matter 
liquefied  by  heat,  or  at  such  a  temperature  as  to  be  more  or  less  lique- 
fied by  the  reduction  of  pressure  to  which  imder  such  circunistancei 
it  would  be  exposed,  the  result  would  be  the  suction  or  pumping  up  of 
such  liquefied  or  pasty  matter  into  the  fissures,  and  should  any  of 
these  reach  the  outer  atmosphere,  its  explosive  eruption  on  those 
points.  While,  on  the  other  hand,  in  the  portions  subjected  to  com- 
pression the  result  would  be  the  contortion  and  outward  bulging 
of  such  masses  of  rock  as  were  pliable,  and  the  dislocation  and 
outward  shoving  of  wedge-shaped  portions  of  such  rocks  as  were 
too  rigid  to  yield  otherwise,  much  "  as  we  see  wedge-shaped  chips 
split  off  and  forced  outwards  from  the  edges  of  a  crack  formed 
in  the  same  relative  position  through  a  rigid  mass  of  stone  or 
metal  broken  across  by  pressure"  (p.  54,  op.  cit). 

I  will  not  occupy  more  space  in  your  pages  by  an  extension  of 
these  quotations.  But  your  readers  wQl,  I  think,  admit  that  these 
considerations  may  serve  to  throw  some  light  on  the  questions  re- 
lating to  the  probable  origin  of  the  fissures,  faults,  veins,  dykes,  con- 
tortions, and  other  obvious  displacements  of  superficial  rocks,  to 
which  Mr.  Maw's  and  Mr.  Wilson's  observations  refer.  In  the  work 
above  cited  I  have  ventured  to  carry  still  further  the  speculations 
they  suggest,  by  hazarding  the  supposition  that,  when  repeated, 
elevatory  movements  have  operated  through  a  long  time  over  very 
wide  areas,  the  result  may  be  seen  along  the  central  axes  of  disloca- 
tion in  some  of  the  chief  mountain  ranges  of  our  continents,  while 
distant  parallel  lines  of  volcanic  development  mark  the  horizontal 
limits  of  disturbance  on  one  or  both  sides,  where  the  production  of 
rents  gaping  downwards  may  have  allowed  the  heated  subterranean 
matter  to  force  its  way  up  towards,  or  actually  to  the  subaerial  sur- 
face. These  last  specuhitions  must  go  for  what  they  are  wortL 
But  the  mechanical  theory  on  which  they  rest  ccm  hardly,  I  think, 
be  disputed.  It  differs  in  some  respects  (as  I  have  shown  in 
Volcanos,  p.  61)  from  those  of  Mr.  Hopkins  and  Mr.  Darwin,  but 
rather  in  the  terms  of  the  question,  that  is,  the  supposed  circum- 
stances, than  in  its  solution.  With  regard  to  outward  bulging  or 
contortion,  accompanied  as  it  must  be  by  movement  and  iriction, 
inter  se  of  the  particles,  should  they  be  capable  of  movement, 
being  the  cause   of  slaty  cleavage,  I  have    cdways  agreed  with 
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the  late  Mr.  D.  Sharpe,  and  have  myself  more  than  once  sug- 
neted  to  geologists,  but  as  yet,  I  fear,  without  much  success,  that 
2ie  laminar  structure  of  the  metamorphic*  schists  is  owing  to  tho 
same  cause — gneiss  being  only  a  squeezed  granite, 

G.  POULKTT  SCBOPE* 

Faiblawk,  Cobham,  Susbet,  June  6,  1868. 

ON  FAULTS  AND  CONTORTIONS  IN  STRATA. 
Sib, — ^I  read  with  considerable  interest  a  short  paper  in  your  May 
number,  by  Mr.  J.  M.  Wilson,  attempting  to  explain  the  causes  by 
which  contortions  and  faults  are  produced.  Mr.  Wilson's  theory, 
that  **  contortions  are  the  inevitable  result  of  the  depression,"  and 
**  faults  of  the  elevation  of  a  curved  surface,"  from  its  soundness  and 
simplicity  is  likely  to  be  generally  accepted ;  at  the  same  time  I  do 
not  think  that  all  faults  or  contortions  can  be  ascribed  to  the  opera- 
tion of  one  universal  cause.  In  the  first  place,  if  such  were  the 
case,  should  we,  according  to  Mr.  Wilson's  view,  ever  find  that  the 
direction  of  the  fault  hades  (underlies)  in  the  direction  of  the  upthrow? 
Such  cases  do  occur,  though  they  are  exceptional.  Secondly,  accord- 
ing to  Mr.  Wilson's  theory  of  faulting,  the  elevation  of  a  very  ex- 
tensive area  of  the  earth's  surface  is  necessary  for  the  production  of 
a  complete  series  of  upthrows  and  downthrows,  as  shown  in  Fig.  4, 
p.  207,  Geological  Magazine.  Now  I  have  lately  met  with  such 
a  series  in  a  horizontal  line,  136J  feet  long,  in  the  Upper  Red  Marls 
of  the  Keuper  Series,  Nottingham.  It  occurs  on  the  brow  of  the 
hill  near  the  Mapperley  Reservoir,  and  is  well  shown  in  a  road  cut- 
ting. I  enclose  a  rough  sketch  of  the  section.  I  think  there  can  be 
no  doubt  that  the  cause  which  produced  that  faulting  acted  locally,  and 
if  that  cause  were  the  elevation  of  a  curved  surface  (which  perhaps 
may  have  been  the  case),  that  curved  surface  was  not  due  to  the  cur- 
vature of  the  earth's  surface,  for  over  an  horizontal  area  of  45J  yards 
there  would  be  no  appreciable  curvature  from  such  a  source.  If  the 
faults  had  all  been  vertical,  or  inclined  in  parallel  directions,  I  should 
have  been  inclined  to  adopt  Sir  C.  Lyell's  theory  of  cavities,  but  on  a 
smaller  scale,  such,  for  instance,  as  might  be  caused  by  the  carrying 
away,  by  percolating  water,  of  salt,  gjrpsum  or  other  mineraJ  in 
chemical  solution,  or,  under  certain  circumstances,  in  mechanical 
suspension.  The  sinking  of  a  stratum  into  a  cavity  could  produce  such 
faulting  as  shown  in  Fig.  1.  For  the  present  case  I  would  suggest 
the  following  explanation  in  want  of  a  better  : — 


F  F  F  F 

Fig.  1 .  Section  of  New  Red  Marin,  Mapperley  Road,  Nottingham.  Average  height  of  section,  6  feet 
4  inches.  ToUl  length,  136  feet  6  Inches.  Greatest  amount  of  faulting  ascertainable,  3  feet  6 
inches.  L.  L.,  Level  of  the  Road.  The  strata  on  the  right  of  section  are  obscured  bv  dis- 
tortion and  exposure  to  the  atmosphere.  F  F  F  lines  of  faulting.  The  letters  a  a,  hOfCet 
indicate  the  portions  of  the  dislocated  beds  which  were  once  oontinaous. 
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I  mentioned  tliat  the  Bectkm  as  ifaown  in  Fig.  1  liea  at  fte  lop  4 
a  hill  between  two  faults,  as  shown  in  plan  (See  T!g;  t^ 
Not  thflt  the  district  between  the  two  faults  ia  a  contmaooi  D^i 
there  are  other  ridges  with  dry,  irregular  valleys  betwen.  I 
think  there  can  be  no  doubt  that  the  space  between  tlie  two  fioKl 
has  been  raised  higher  than  the  outlying  district  so  short  a  tine  ifi 
(geologically),  that  the  country  within  the  faults  has  since  tliat  Idbi 
preserved  a  relative,  if  not  an  absolute  similari^  of  ooatoor,  i^ 
that  outside  the  faults. 


^ 

[Nor  Uw  letter  B,  be- 
ll™ ttL?"ta"ui 

line  or  KcUon  n 
in  Fig.  1]. 

N.ftL,R.=  Noltii.rtii. 
■Dd  Lincoln  ttailwir. 

5 

N.ftC.R.=  Nolti   nd 

CrutHun  Riul-.r. 

t  NoltingbBni,  »hoinBg  the  poutioB  ol 
tbe'Fuulub'ttie  Red  Uirli  oftbe  Keuper  uid  Burner. 

Therefore,  upon  such  elevation,  perhaps  that  last  one  which 
gave  the  country  ita  present  contour,  subject  to  Bubsequent 
denudation,  we  should  have  tlie  data  for  the  elevation  of  a  curved 
Burfioe  (not  duo  to  the  earth's  rolundity)  producing  the  fault- 
iugs  shown  in  Fig.  1.  These  minor  faultings,  as  far  as  a  mere 
section  across  their  direction  can  show,  seem  to  nm  parallel  to  lie 
larger,  including  faults.  I  have  spoken  of  valleys  between  the 
ridges.  Would  the  elevating  force  act  also  on  the  inverted  arches 
those  valleys  formed  ?  Clearly  bo  ;  but  the  results  would  differ,  for 
faults  would  be  produced  which  would  hade  to  the  upthrow.  The 
elevation,  then,  of  a  basin-shaped  curved  area  I  believe  is  the  cause 
of  the  production  of  this  class  of  faults,  on  a  small  if  not  on  a  large 
scale.  It  ia  also  evident  that  contortions  would  be  produced  by  the 
elevation  of  an  inverted  arched  area,  as  they  are  produced  by  the  de- 
pression of  an  arched  area. 

I  understood  from  Mr.  Wilson's  paper  that  the  faults  will  not  tako 
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phoe  on^efls  fhe  ai«a  is  depressed  beneaiih  the  sea,  and  that  marine 
oenadation  will  obliterate  all  trace  of  such  faults  at  the  surface. 
Bnfc  surely  if  we  are  to  call  in  wide  areas  of  upheaval,  we  cannot 
limit  the  effects  to  a  marine  area  any  more  than  we  could  to  a 
torrestrial  area.  No  doubt  at  the  present  day  there  would  be  just  so 
a&obh  the  greater  chance  of  a  marine  area  being  raised,  as 
extensile  oceans  preponderate  over  extensive  continents.  Certain 
great  fJEiults  have  left  their  impress  on  the  configuration  of  the 
country,  and  if  that  impress  is  modified,  it  is  sometimes  as  much  by 
snbaenal  as  marine  denudation.  The  Bala  fault  might  be  quoted 
as  an  example.  En.  Wilson. 

NOTTIMOHAM,  «7ilfl#,  1868. 

ON  THE  DBY£LOPMENT  OF  THE  LOOP  IN  THE  TEREBRATULID^. 

Sib, — ^In  your  last  number,  Mr.  C.  J.  A.  Meyer,  in  a  paper  on 
Cretaceous  Brachiopoda,  offers  some  observations  on  the  loop  of 
Waldheimia,  Terehraitda,  Terebraiellay  etc. 

I  do  not  wish  to  enter  into  a  discussion  on  the  desirability  of 
separating  the  two  former  generically,  the  greater  or  lesser  extension 
of  the  loop  being  their  only  distinction,  but  simply  to  say  that  the 
correctness  of  the  figures  given  in  my  paper  on  "  The  Development 
of  the  Loop  in  TerebrateUa**  Geologist,  vol.  iii.,  pi.  xii.,  figs.  1-4,  does 
not  admit  of  a  moment's  doubt  They  are  not,  as  suggested  l^  Mr. 
Meyer,  very  minute ;  and  as,  in  the  examples  figured,  the  loops  are 
entirely  free  from  the  matrix,  they  can  be  studied  with  the  greatest 
advantage.  The  original  sketches  of  the  loops  having  been  carefully 
drawn  by  Mr.  Davidson  will  be  a  sufficient  guarantee  that  they  are 
correct. 

However  difficult  may  be  the  question  of  a  change  in  the  calcified 
interiors  of  some  of  the  Brachiopoda,  it  is  quite  certain  that  with  the 
TerehrateUa  Btickmanii  we  have  a  series  of  shells,  none  of  which  can 
be  separated  by  their  external  conditions,  biit  which  have  notwith- 
standing different  forms  of  loops ;  and  it  will  be  necessary  either  to 
accept  the  suggestion  that  they  are  different  stages  of  growth,  or  else 
to  create  separate  generic  designations  for  sheUs  that  cannot  by  their 
outer  forms  even  be  distinguished  specifically.  There  is  little  doubt 
that  had  they  been  obtained  singly  from  different  formations  the 
former  would  most  probably  have  happened. 

It  may  interest  some  of  your  readers  to  know  that  I  have  just 
found  the  genuH  Thecidium  in  one  of  the  lead  veins  of  the  Carboni- 
ferous Limestone  of  Yorkshire,  it  not  having  been  met  with  hitherto 
in  England  below  the  Lias,  or  on  the  continent  below  the  St.  Cassian 
Beds.     The  precise  age  of  the  vein  yielding  it  will  yet  have  to  be 

determined.  Ghablks  Moobe. 

Bath,  June  18,  1868. 

DENUDATION  NOW  IN  PROGRESS. 

Snt, — In  the  very  interesting  and  able  article  in  your  last  number, 
"  On  Denudation  now  in  Progress,"  by  Mr.  Geikie,  he  has  omitted  to 
take  into  consideration  some  circumstances  of  a  restorative  character 
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which  tend  to  neutralize  the  waste  of  land  now  going  on  fiom  sob- 
aerial  causes. 

Ist,  The  formation  of  vegetable  soil,  often  difficult  to  account  Ibr, 
^e  depth  in  some  cases  being  much  greater  than  in  others,  and  w^ 
parently  without  an  assignable  cause.' 

I  have  often  observed  on  the  grass  table-land  of  the  Cotswold 
range,  where  valleys  intervene  so  as  to  prevent  soil  being  washed 
from  a  higher  elevation,  that  there  is  a  tendency  to  an  increased 
depth  of  soil  rather  than  to  a  diminution,  and  I  think  the  same  is 
the  case  with  all  pasture-land.  I  have  lately  seen  an  instance  of 
how  quickly  grass  will  spring  up  and  form  turf  in  an  occupation 
road,  which  was  made  about  six  years  since,  on  a  common  in  the  In- 
ferior Oolite,  left  perfectly  bare,  and  covered  with  broken  stone, 
which  is  now  grassed  over.  Of  course  there  is  no  carriage  traffic 
upon  it. 

In  woods  there  is  often  a  considerable  thickness  of  soil,  arising 
from  the  decomposition  of  leaves  ;  and,  I  believe,  the  decay  of  grass- 
roots, the  manure  from  the  cattle  which  graze  upon  the  grass,  fully 
if  not  more  than  neutralizes  the  soil  which  is  carried  away  on  per- 
manent pasture  ground,  by  rain.  We  know  also  that  the  surface  of 
the  soil  is  increased  by  the  enormous  deposits  of  coprolites  and  guano. 

2nd.  The  quantity  of  diflFerent  matter  returned  to  the  soil  mainly 
in  the  form  of  manure  is  very  considerable.  In  1867  there  were  in 
the  United  Kingdom  11,431,940  acres  of  land  planted  with  gnun, 
and  I  estimate  the  produce  to  have  been  10,087,931  tons,  and  in 
addition  14,217,941  tons  of  straw.  There  were  also  1,493,762  acres 
under  potatoes,  2,805,775  under  turnips,  mangolds,  carrots,  beet,  etc, 
and  630,878  rape  and  colza.  Of  clover  and  other  grasses  the 
acreage  was  5,648,425  acres,  and  permanent  pastiure  22,128,391 
acres.  At  present  I  have  not  sufficient  information  to  allow  of  my 
calculating  the  produce  of  the  green  crops.  From  the  Grovemment 
returns  I  find  that  there  were  imported  in  1867,  not  including  lin- 
seed oil-cake,  and  cotton  seed,  which  are  not  given,  of  wheat,  flour, 
barley,  oats,  maize,  rye,  buckwheat,  peas,  and  beans,  3,117,140  tons. 

I  am  fully  aware  that  these  figures  do  not  accurately  represent  the 
addition  to  the  soil,  that  the  imports  of  3,117,140  tons  are  taken 
away  from  other  countries,  and  it  is  necessary  to  consider  what 
amoxmt  the  grain,  grass,  roots,  etc.,  would  produce  in  feeding  the 
upwards  of  46,770,000  cattle,  sheep,  and  pigs  in  the  United  King- 
dom, and  which  again  must  be  converted  to  form  part  of  the  food  of 
our  people  before  it  is  returned  to  the  land.  Some  allowance  would 
have  to  be  made  for  the  amount  subtracted  from  the  soil  in  growing 
the  grain,  grass,  and  roots. 

These  figures  may,  however,  enable  an  approximate  estimate  to 
be  formed,  and  my  object  in  writing  has  been  to  supply  information 
of  rather  a  special  nature,  which  those  who  have  studied  denudation 
more  attentively  than  I  have,  can  appropriate  for  the  benefit  of  alL 
Clabbmont  House,  Gloucestbb.  "VV^.  C.  Lucy. 

^  Mr.  Jukes,  in  his  Manual,  remarks  that  yegetable  soil  has  not  received  the 
attention  it  merits. 
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I. — ^Thb  Chalk  of  Amtbim. 

By  J.  Bbxtb  Jukbb,  M.A.,  F.B.S.,  &c  &o. 

MOST  geologists  are  aware  that  the  Chalk  of  Antrim,  although 
full  of  flints  and  fossils  like  those  in  the  English  Chalk,  is  a 
hard  splintery  limestone,  known  here  as  the  "  White  Limestone." 
Its  induration  is  often  attributed  to  the  action  of  the  basaltic  cover- 
ing which  spreads  over  it,  and  the  coincidence  of  the  two  things  is 
certainly  remarkable ;  but  I  think  I  can  now  show  that  they  are 
not  connected  in  the  way  of  cause  and  effect. 

The  upper  surface  of  the  Antrim  Chalk  is  frequently,  perhaps 
always,  covered  with  a  layer  of  flint  gravel,  from  one  or  two  to  six 
feet  in  thickness,  often  filling  up  small  hollows  in  the  surface  of  the 
Chalk.  Over  this  comes  the  basaltic  mass,  commonly  composed  of 
thick  ranges  of  columnar  basalt,  each  range  resting  on,  and  covered 
by,  amygdaloidal  beds,  which  often  exhibit  a  rude  lamination  or 
stratification  that  may  perhaps  indicate  the  lines  of  flow.  Thin  beds 
of  clay  with  lignite  and  iion-ore  occur  occasionally  between  the 
basaltic  seams. 

It  is  remarkable  that  the  flints  in  the  flint-gravel  which  lies  be- 
tween the  Basalt  and  the  top  of  the  Chalk,  are  often,  when  broken 
open,  found  to  exhibit  concentric  bands  of  various  tintfl  of  red  sur- 
rounding a  grey  interior,  and  coated  by  an  external  white  coat ;  the 
latter  appearing  to  be  due  to  weathering  after  the  red  tints  were 
acquired. 

I  had  been  inclined  on  previous  visits  to  Antrim  to  attribute  this 
reddening  of  the  interior  of  the  flints,  in  the  gravel  between  the 
Basalt  and  the  Chalk,  to  the  igneous  action  of  the  former  upon  them. 
A  recent  observation,  however,  made  while  inspecting  the  work  of 
Mr.  Du  Noyer,  and  our  two  new  assistants,  Messrs.  Warren  and 
W.  B.  Leonard,  has  led  me  to  doubt  even  this. 

At  a  quarry  (known  as  McGarry's  quarry),  about  three  or  four 
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miles  W.N.W.  of  Liebani,  wo  observed  tiie  fitote  indintod  k  l| 
dlafpsm  below : — 


11,11^-,  r-'  • 


DiBRram-Bwtion,  McGairj'"  Quwry,  W.N.W.  of  LUbnni,  Co.  Asbim. 
4.  Columnar  Binll  ntling  pUlT  IwIdw.  1.  Orj  ud  UgBHc,  irOb 

1.  Flint  gnid.  Iho  fllnu  gFOenll;  nddflud  Intcnullr.  1.  Chalk  vitli  (i —  ^^- 

The  Clialk  showed  a  total  thickaesB  of  abont  forty  feet,  and  dippti  1 
weflterly  at  about  10°,  the  greea  "  Mulatto  stone"  appearing  Em  1 
vndenicalh  it  at  the  eastern  comer  of  the  quany.     The  Cludk  lu 
the  usual  coveriDg  of  flint  gravel,  which  in  some  places  i 
thickness  of  three  or  four  feet     Over  this  was  a  layer  of  daric  cl^, 
like  a  coarse  under-clay  of  the  Coal-meostires,  utowin^  a  pli^ 
lamination  in  the  part  exposed  to  the  air,  bat  being  quite  soft  ui 
nnctuous  when  dug  into  for  a  few  inches.     In  the  upper  part  of 
this  was  a  band,  three  or  four  inches  thick,   of  a  kind  of  lignite, 
BometimcB   more   like  culm  in  Bome   parts,   splitting  into    cubical 
pieces  with  a  bright  fiice  like  some  coals.     Over  this  came  coaredj 
oolumiiar  basalt,  of  which  a  thickneea  of  thirty  feet  was  shown  ia 
one  part  of  the  quarry.    The  lower  foot  or  two  of  this  basalt  showed 
a  tendency  to  split  into  rough  flaggy  slabs,  but  the  rest  was  rudelj 
columnar  with  a  few  irregular  cross-joints. 

The  lignite  often  showed  a  distinct  woody  fibre,  in  tbe  pieoee  of 
two  or  three  inches  in  length,  which  we  procured  ;  but  the  work- 
men told  us  they  oft«n  got  flattened  stems  of  trees,  two  or  three  fed 
long. 

In  the  lower  part  of  the  soft  clay  I  got  a  flint,  the  size  of  the 
fist,  which,  on  being  broken,  ehowed  the  usual  oonoeatiic  red- 
tinted  coats  in  its  interior. 

The  only  legitimate  deduction  from  these  facts  seems  to  me  to 
be,  that  if  the  superincumbent  basalt  did  not  by  its  transmitted 
heat  indurate  the  clay  and  alter  the  lignite  immediately  below  it,  it 
could  not  affect  the  flints  in  the  flint-gravel  under  that  clay,  still 
less  the  mass  of  the  Chalk  under  the  gravel. 

The  effects  of  the  numerous  dykes  and  veins  of  igneous  rock  in 
this  country,  on  the  rocks  they  pass  through,  are  often  very  obvious, 
but  rarely  extend  for  more  tbtui  a  few  feet  from  the  walls  of  the 
intrusive  masses. 

I  may  add  that  on  another  day  during  a  visit  to  the  hills  on  the 
north  of  the  town  of  Antrim,  I  was  struck  with  the  resemblonoa 
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HNreen  lOBie  of  the  looks  in  liift  poiphjiitio  TEadhyta  Himn,  atdT 
Hoae  which  make  the  Pic  de  Sancy  in  the  Mont  Dor  oouitiT.' 
Sjbe  county  Antrim  ia  like  a  mined  Avroigne,  from  whioh  all 
Qjaoea  of  the  old  conea  and  ontaa  have  heen  lemoTed*  and  only  the 
Keeta  of  Trachytie  and  Doleritic  lavas  k^  indnding  hen  and 
hevB  the  remains  of  the  mud  of  the  old  lakes,  and  of  the  vegetation 
i^oh  grew  upon  their  shorea. 

Aa  it  wiU  be  some  little  time  before  the  mi^  aeotionay  and 
omlanatioDS  of  this  district  can  be  issued  firom  the  piess»  I  send  yon, 
viHh  the  sanction  of  the  Diieotor-Qenend»  this  litUe  notice  aa  a 
REe-annoancement  of  their  intoost  when  thi^  do  af^pear. 

JhjmuMy  /«ly  140. 

PJ3. — ^I  foigot  to  mention  that  on  oar  second  visit  to  McGaiiy*a 
niany  we  were  accompanied  by  Dr.  Andrews,  Yice-President  of 
ike  Qneen's  College,  IM&aiL  I  have  this  morning  received  ftom 
him  a  note  in  whidi  he  informs  me  that ''  the  carbonaceous  lignite," 
of  which  he  took  specimens  to  examine,  ''when  heated  in  air, 
boms  without  flame  like  some  varieties  of  charcoal.  A  specimen 
exhibiting  distinctly  the  fibroos  stmcture  of  wood  was  allowed  to 
dorr  in  thin  splinters  in  a  dry  atmosphere,  and  was  afterwarda 
oaioined  at  a  red  heat,  in  a  platinum  cn^MSule.  Of  this  1*^7 
grammes  lost  1-052  grra.  by  this  treatment  The  specimen  under 
examination  contains  therefore  75*8  per  cent,  of  volatile  and  com- 
bnstible  matter."^-J.  B.  J. 


II. — On  the  Collooation  of  the  Strata  at  Boswxll  Hole, 

NEAB  Ely. 

Bj  Habbt  6.  Sbelet,  F.G.S.,  Aadstant  to  ProfesBor  Sedf^ck  in  the  Wood- 
wardian  Mueeom  of  the  Uniyendty  of  Cambridge. 

IN  the  Oeolooioal  Magazine,  1864,  Vol.  I.  p.  150,  and  1865,  YoL 
XL  p.  529,  two  papers  of  mine  appeared  upon  the  strata  at  Ely.  In 
tbem,  as  briefly  as  might  be,  are  given  the  sequence  of  the  beds  from 
the  Chalk  to  the  Eimmeridge-clay,  and  the  relations  of  these  beds  to 
the  Boulder-clay  and  Kimmeridge-clay  on  the  other  side  of  the  jpt, 
where,  on  all  hsuids^  it  ia  allowed  to  be  in  aitu. 

All  my  statements,  however,  about  the  sequence  and  determination 
of  the  strata,  and  of  their  being  faulted,  have  been  called  in  question 
in  a  paper  lately  read  by  the  Hev.  O.  Fisher^  before  the  Cambridge 
Philosophical  Society  (when  I  was  absent  from  Cambridge),  and 
which  has  since  been  printed  in  the  Proceedings  of  timt  Society. 
In  place  of  the  view  of  the  case  given  in  my  paper,  Mr.  Fisher 
would  have  us  believe  that  tlie  Cretaceous  beds  at  Ely  once  formed 
a  boulder,  which  went  careering  about  the  Glacial  sea  on  an  iceberg 
till  the  iceberg  toppled  it  off  into  a  chink  at  Ely,  which  had  been 
made  for  it  by  Glacial  erosion.  If  there  were  no  evidence  on  the 
other  side  of  the  question,  no  doubt  the  idea  of  an  intelligent  ice- 
berg would  be  an  addition  to  the  poetry  of  science;  but  having 
written  facts  and  drawn  facts  about  the  faults  in  Boswell  Hole, 
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seen  with  my  own  eyes  and  those  of  a  handred  other  mm^  wk 
proved  with  my  own  hammer  and  the  hammers  of  many  fiieiid^I 
cannot  but  ask  whether  the  Bonlder  hypothesis,  coolly  lestinga 
its  ioebergs,  is  one  of  those  things  so  beautiful  that  it  laaA  b 
true,  and  that  the  faults  urged  against  it  may  be  ignored? 

Ilie  facts  appeared,  and  still  appear,  to  me  to  piove  (1)  ttift 
there  is  a  sequence  from  Chalk  to  Eimmeridge-elaj ;  (2)  that  fli 
sands  under  Uie  Oanlt  may  be  connected  with  the  adjaoent  gMM^«  k 
the  fields  above  the  pit ;  (3)  that  indubitable  slickenaide  was  Mi 
in  the  vertical  junction,  forty-five  feet  high,  between  the  Boolder* 
clay  and  the  Cretaceous  beds  figured  in  Oaol.  Mag.  Vol.  jQ.  p.  5St 

Since  my  paper  was  written  the  pit  has  been  very  Baucii  altend, 
for,  by  cutting  away  the  Chalk,  I  saw  exposed  behind  it  the  Vfpx 
Greensand,  and  behind  the  Upper  Oreensand  was  the  Gault,  and 
behind  the  Gault  the  brown  sands,  badly  seen,  and  usually  cot 
through  by  a  fault  filled  with  Boulder-clay;  and  behind  all,  tbd 
Eimmeridge-clay.  So  that  compared  with  the  section  given  in 
Gkol.  Mag.  Vol.  I.  p.  151,  the  section  now  is — 

Fig.  1.  Section  at  BoBwell  Hole,  aear  Ely,  as  leen  May  28,  1868. 

8  2  go 

Water.  Chalk.  p  |S|  ^S 


Kimmeridge  Gault.       Boulder       Kimmeridge 

Clay.  Clay.  CUy. 

This  is  parallel  with  the  section  in  Geol.  Mag.  Vol.  II.  p.  532,  and 
at  right  angles  with  that  at  p.  530.  There  are  several  minor  slips ; 
one  last  year  was  exposed,  and  showed  a  smooth  surface  along  its 
visible  face  of  100  yards.  It  is  apparently  on  the  above  or  some 
similar  section  that  Mr.  Fisher  would  ground  his  ease.  He  also,  in 
the  text,  throws  doubt  on  my  identification  of  the  clay  under  the 
Upper  Greensand  as  '*  Gault,*'  but,  in  a  note,  says  he  has  seen  <'  the 
Lower  Greensand  in  sequence  to  this  clay,  which  would  make  it 
true  Grault."  If  so  why  print  the  doubt  ?  Any  one  who  pleases 
may  go  and  collect  from  the  clay  twenty  or  more  of  the  most 
characteristic  Gault  species.  I  did  so  in  1862  and  again  last  year, 
and  anyone  who  pleases  may  see  the  clay  resting  on  the  brown 
sands,  as  I  figured  it  in  1865,  and  as  Mr.  Fisher  saw  it  in  1867.  I 
think,  then,  we  are  agreed  that  there  is  a  sequence  through  the 
Chalk,  Upper  Greensand,  Gault,  and  Brown  Sands  under  the  Gault. 
But  furtiier  on  in  the  text,  p.  6^y  referring  to  the  cottage  on  the 
bank,  Mr.  Fisher  says,  "I  believe  the  Lower  Greensand  blocks 
which  occur  on  the  north  (?  south)  side  hereabouts  to  be  no  more 
in  situ  than  the  Chalk."  Very  likely.  They  are  strewn  all  down 
the  bank.  Now  in  1861  and  in  the  spring  of  1862,  by  removing 
the  superimposed  Gault  a  large  floor  of  sand-rock  called  Lower 
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isand  was  exposed,  it  sloped  down  almost  to  tike  water's  edge, 
if^and  was  quarried  for  months.  I  myself  saw  it  then,  in  oompany 
A^ririth  Mr.  John  Buthven  and  Mr.  Bobert  Farren.    And  this  sand- 

Ibook  and  conglomerate  I  ascertained  in  Angost,  1862,  when  the 
j^'qaanying  was  done,  to  rest  on  the  Kimmeridge  day  with  LingMla 
ff  Iftfolta,  apparently  conformably,  and  like  all  the  superimposed  strata 
r,'-i  ilipping  to  the  north.   This  is  stated  in  my  original  paper.   And  now 

liftTing  made  the  statement  folly,  I  leave  it  to  geok^ts  to  judge 

whether  hardness  of  belief  can  invalidate  the  &et 

If  any  one  will  notice  how  the  brown  sands  rise  to  the  surface 

to  the  south,  and  have  been  quarried  in  the  fields  to  the  south,  I 

think  there  will  be  little  doubt  that  the  strata,  approzimaitely 

horizontal,  dip  rapidly  over  into  the  pit,  thus — 

Fig.  2.  Diagram  to  explain  the  approzimato  dip  of  Strata  at  BofweU  Hole,  near  Ely. 

Cbalk. 

Uiiper  QncBfiiid. 

Omiilt 

Kirnmeri^pe  •np'*^  /       ^r    ^^^  ■»  Brown  Siidk 

a.x.      ^  ^^  K.-..-oa^. 

and  the  upper  beds  cut  level  and  fractured  in  the  downward  dip 
have  left  the  section  as  figured  above.  And  against  these  Cretaceous 
strata  the  Boulder-day  abuts ;  it  formerly  bid  everything  but  the 
Chalk,  and  still  extends  in  front  of  the  Grault  and  brown  sands  as 
shown  in  Geol.  Mao.^  YoL  II.  p.  532.  There,  in  1862, 1  saw  in  the 
clean  section,  45  feet  high,  the  most  indubitable  slickenside.  I  have 
seen  it  often  since,  and  I  have  no  doubt  that  anyone  who  took  the 
trouble  to  look  would  find  that  it  still  showed  him  its  glistening 
smoo^  face. 

Any  one  who  will  place  himself  at  the  point  represented  in 
Fig.  2,  p.  532,  Vol.  11.  Geol.  Mao.,  will  see  that  tiie  Boulder- 
day  figured  in  Section  1  of  this  paper  is  a  film  of  Boulder-day  behind 
the  Bouldor-clay  in  the  former  figure.  The  fact  of  Mr.  Fisher  not 
having  seen  slickenside  cannot  be  taken  as  evidence  that  it  does  not 
exist,  unless  it  is  certain  that  that  gentleman  has  seen  evexything, 
of  which  hitherto  we  have  had  no  proof. 

I  therefore  reiterate  the  statements  made  in  my  former  papers, 
believing  that  Mr.  Fisher  has,  not  only,  not  added  any  new  fact  by 
his  paper,  but  has  fedled  in  his  attempt  to  cast  a  doubt  on  mine. 


m. — ^The  Dbift-Beds  of  Llandbillo  Bay,  Denbiohshibx. 

By  MiB8  Eyton. 

Fa  former  number  of  the  Geolooioal  MAOAznnc^  I  attempted  to 
describe  the  old  sea-beach  which  extends  along  the  coast  of 
Llandrillo  Bay,  and  continues  round  the  Great  Orme's  Head  mountain. 
It  is  my  purpose  now  to  draw  attention  to  the  series  of  Drift-beds, 
belonging  to  both  the  Post  Pliocene  and  recent  periods,  which  are 

»  Vol.  in.,  July,  1866. 
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here  so  well  defined  within  a  short  space,  and  it  is  tiie  moredendli 
to  do  so,  because  the  encroachments  of  the  sea  axe  annually  in- 
ducing great  changes  in  this  district. 

1.  I^  Boulder-day. — This  deposit  attains  its  greatest  ihiclil 
on  the  east  of  Penmaen  Rhos,  in  the  little  vale  of  Uandnlas,  tvkB 
its  height  cannot  be  much  less  in  some  places  than  200  feet  abon 
the  sea  level.  It  forms  a  fine  cliffy  where  it  reposes  against  ttl 
mountain,  rising  sheer  up  from  the  beach  nearly  to  the  liinfstnss 
summit  From  thence  it  slopes  graduallj  downwards  to  the  oeatn 
of  the  valley,  forming  a  terrace  of  from  twenty  to  fifty  feet  abow 
the  beach.  Very  curious  are  the  figures  into  wMch  the  recent  waf«- 
action  has  moulded  the  plastic  clay  along  this  terrace.  Tonekik 
caves,  and  buttresses  rise  in  miniature  imitation  of  the  bolder 
scenery  of  a  more  rocky  sea-board. 

The  littoral  zone  is  strewn  with  huge  boulders  and  sub-angukr 
fragments,  which  have  been  left  by  the  denuding  action  of  the  waveii 
the  clay  and  lighter  material  being  borne  away,  while  the  heavier 
portions  remained  in,  or  near  their  original  site.  Many  of  these  ars 
derived  from  the  subjacent  Carboniferous  Limestone,  others  from 
the  dark  grey  Cambrian  rocks  of  the  Snowdon  district  I  have  found 
among  thom  beautiful  specimens  of  corals,  smooth  and  polished,  as 
though  fresh  from  the  hand  of  the  lapidary,  while  the  scratches  and 
striae  on  the  blocks  in  this  gigantic  stoneyard  might  have  been  left 
but  yesterday  by  the  workman's  chiseL 

Crossing  the  littoral  zone,  we  find  the  Boulder-clay  again  re- 
appearing just  above  low- water-mark.  It  is,  indeed,  merely  con- 
cealed by  the  sand  and  shingle  of  the  beach,  showing  that  a  con- 
tinuous slope  onco  extended  into  what  is  now  the  bed  of  the  sea. 
The  whole  belt  of  Carboniferous  Limestone,  underlying  the  clay,  is 
rent  by  huge  fissures,  commencing  near  the  summits  of  the  hills, 
and  increasing  in  width  and  length  as  they  proceed  downwards. 
They  are  frequently  exposed  in  the  course  of  the  quarrying  opera- 
tions, which  are  extensively  carried  on  in  this  locoli^,  and  are 
generally  found  to  be  filled  with  Boulder-clay  and  its  included 
debris,  the  sides  being  coated  with  stalagmitic  concretions  of  a 
dark  red  colour,  derived  from  the  oxide  of  iron,*  contained  in  the 
clay.  From  this  and  from  a  similar  tint  imparted  to  the  limestone, 
where  the  clay  has  rested  against  it,  the  name  Penmaen  Bhos  (red- 
head-land) is  derived.  The  quorrymen  informed  us  that  they  some- 
times found  deer's  horns  in  these  fissures,  but  we  were  unable  to 
procure  any.  The  rent*  appear  to  have  been  formed  by  frosts ;  a 
little  water  being  lodged  in  a  crevice  in  the  rock  froze,  thus  en- 
larging the  crack  ;  next  winter  the  process  was  repeated  on  a  larger 
scale,  and  so  on,  until  the  mild  Pliocene  climate  had  changed  into 
the  cold  of  the  Glacial  epoch,  and  the  great  rivers  of  ice  come  crash- 
ing and  grinding  over  the  land,  involving  all  in  one  common  ruin, 
— ruin  from  which,  however,  phoonix-like,  new  life  was  to  arise. 

It  will  be  seen  from  the  foregoing  observations  that  the  Boulder- 
clay  in  this  locality  once  occupied  a  very  much  lai'ger  space  than  at 
I  Anhydrated  peroxide  according  taMr.  George  Maw. 
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botli  as  to  depth  and  area ; — ooyering  the  summits  of  hills 
some  400  or  500  feet  in  height,  and  extending,  probably,  far  out  into 
^rliAt  is  now  the  Irish  Channel.  Then  came  the  period  of  denuda- 
s  fieaif  when  the  land  smik  beneath  the  waters  of  the  Glacial  ocean, 
:i  whioh,  rising  over  these  summits,  and  others  much  higher,^  washed 
.  ttway  the  lighter  material,  leaving  the  heavy  boulders  standing — as 
;  fhey  are  so  often  found — ^in  their  original  position. 

It  is  by  considering  the  miniature  operations  of  the  present  sea, 
;  that  the  conclusion  is  arrived  at,  that  the  denudation  of  the  Boulder- 
day  was  mainly  effected  by  an  advancing,  not  a  retiring,  ocean. 
The  latter,  having  expended  most  of  its  force,  appears  to  have  little 
influence  in  altering  the  surface  of  the  land,  though  it  leaves  behind 
it  much  of  the  material  which  it  had  previously  accumulated  and  held 
in  suspension,  but  which  it  is  unable  to  carry  away«  Its  tendency  is 
rather  to  produce  smooth  slopes  and  rounded  outlines,  than  sharply 
defined  cliffs,  or  any  of  the  forms  which  are  the  result  of  under- 
mining action.  Therefore,  while  extensive  denuding  operations, 
including  the  formation  of  caves  and  terraces,  are  marks  of  the 
sinking  of  the  land,  I  conceive  that  the  deposition  of  marine  drift 
may  be  considered  a  token  of  its  rising,  and  of  the  consequent  sub- 
sidence of  the  water. 

2nd.  Ol(udo-marine  Ihift.  On  the  western  side  of  Penmaen  Ehos 
the  Boulder-clay  thins  out,  and  we  find  reposing  upon  it,  against  the 
hill  side,  a  differently  constituted  Drift ;  while  in  the  lower  part  of  the 
glen,  near  the  village  of  Colwyn,  the  Boulder-formation  has  been 
almost  entirely  removed  and  the  same  Drift  substituted.  Wliether 
this  removal  was  effected  entirely  by  marine  ageucy ;  or  whether, 
the  land  having  risen,  its  surface  was  again  ploughed  by  glaciers  and 
again  submerged  before  the  deposition  of  this  second  drift,  there  is 
here  no  evidence  to  point  out  The  Drift  is  composed  of  small 
pebbles,  about  the  size  of  a  pea,  rounded  and  flattened,  and  closely 
packed,  mixed  with  sand,  the  whole  being  cemented  together  by 
clay.  It  attains  the  greatest  thickness  towards  the  centre  of  the 
glen,  where  it  is  cut  into  by  a  small  brook,  on  the  banks  of  which 
many  good  sections  may  bo  found.  In  some  places  it  is  slightly 
bedded.  I  never  succeeded  in  finding  any  perfect  organic  remains 
in  this  bed,  but  have  frequently  detected  minute  fragments  of  shells 
among  the  sand.  This  is  accounted  for,  if  we  suppose  it  to  have  been 
subjected  to  Glacial  as  well  as  marine  action.  I  found  the  same 
Drift  ne^r  the  caves  at  Tanr'ogo.  Further  observation  convinces  me 
that  the  interior  of  these  caves,  as  well  as  of  those  of  Cefn  Ogo,  near 
St.  Asaph,  and  the  smaller  ones  on  the  beach  at  the  foot  of  Penmaen 
Bhos,  are  of  far  older  date  than  the  associated  Drift,  being  simply 
openings  in  the  Glacial  fissures  into  which  the  rising  sea  has 
obtained  an  entrance,  and  has  hollowed  them  into  caverns  with 
arched  entrances.*    Could  the  necessary  means  and  permission  be 

^  Sir  Charles  Lyell  speaks  of  drift-beds  containing  marine  shells  on  Moel  TryfiMn, 
1360  feet  above  the  sea  level  f Elements  of  Geology,  p.  168). 

'  Query.  May  not  some  of  the  bones  found  in  these  and  similar  caves  have  been 
washed  in  through  the  fissures  with  the  Boulder-clay,  although  the  «avc8  themselves 
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obtained,  I  feel  oonvinced  that  the  Tanr'ogo  caves  would  well  np| 
the  tajsk  of  excavation. 

drd.  Beeent  Marine  Drift. — ^Prooeeding  onwards  round  LlmdiSi 
Bay  to  the  west,  we  arrive  at  the  headland  of  Rhos-yn-Llandiilkki 
low  point  of  land  projecting  out  into  the  sea.  A  low  temoe  ma 
directly  from  the  beach  just  above  high- water-mark,  veiled  for  Al 
most  part  by  surface  soil,  with  its  growth  of  scanty  herbage.  Us 
covering  has  apparently  been  washed  away  by  the  sea  in  one  ipoti 
immediately  beyond  the  residence  of  Mr.  Parry  Svans,  and  thettoi 
face  of  the  cliff  exposed,  exhibiting  the  following  section : — 

Feet       IndMk 
a.  Surface  soil,  about   ..•  •••  ...  0  2 

h.  Pebble  band  without  shells     ...  ...  0  5 

c.  Hard  sand  and  clay  conglomerate  ...  2  10 

d.  Do.  containing  shells  and  pebbles  ...  1  6 
The  latter  bed  is  an  entire  mass  of  shelly  conglomerate,  the  suid 
being  largely  made  up  of  comminuted  fragments.     The  following 
is  a  list  of  species : —  Ostrea  edulia ;   Bucdnum  undaium ;    Fwrput 
lapillua  ;  Patella  vul^ata  ;  Litorina  litarea. 

The  shells  wore  much  rolled  and  comminuted — ^the  specimens  of 
Purpura  lainllus  often  nearly  resembling  round  pebbles.  I  was  struck 
by  the  total  absence  of  Mytilus  edulis,  now  so  common  on  this  coast, 
and  which  is  found  so  abundantly  in  the  surface  mould  of  the  Great 
Orme's  Head.  Mr.  Parry  Evans  informed  me  that  in  digging  the 
foundations  of  a  sea-wall  opposite  his  house,  many  similar  shells  had 
been  found. 

I  have  not  overlooked  the  possibility  that  this  bed  might  be  a  shell- 
mound  of  human  origin,  but  the  rolled  appearance  of  the  shells,  as 
well  as  the  absence,  as  far  as  I  could  discover,  of  bones  or  works  of 
art,  seem  to  dispose  of  this  hypothesis. 

I  have  to  thank  Mr  Parry  Evans  for  his  courtesy  in  allowing  me 
to  undermine  the  bank  beneath  his  cornfield  in  the  search. 

4th.  Submarine  Forest  Bed. — Between  the  high  and  low  tide 
marks  on  the  same  peninsula,  there  occurs  a  bed  of  stiflF  blue  clay, 
full  of  the  remains  of  trees,  chiefly  oak  and  hazel.  One  large  root  of 
the  former  was  still  in  its  original  position,  a  pool  of  sea-water  occu- 
pying the  hollow  stump.  It  measured  9  feet  6  inches  in  girth.  A 
trunk  15  feet  long  lay  extended  upon  the  beach.  The  hazel  was  in 
a  soft  and  pulpy  condition,  the  oak  harder.  Now  this  forest,  although 
probably  of  historical  date,  must  have  existed  in  very  early  times, 
since  the  weir  which  now  stands  here,  is  the  same  that  was  granted 
to  the  Cistercian  monks  of  Conway,^  and  consequently  the  sea  then 
stood  at  the  same  level  as  it  does  now.  Between  the  formation  of 
these  two  beds,  there  must  have  elapsed  a  period  long  enough  to 
allow  the  retreating  waters  (after  having  contributed  their  appointed 

may  have  been  occupied  as  dens,  or  human  habitations  at  a  later  date ;  and  would  not 
this  account  for  the  strangle  mixture  of  remains  of  animals  belonging  to  different 
climates  so  often  found  in  them  P 

*  **  The  Abbey  was  founded  by  Llewellyn  ap  Jorwerth,  Prince  of  North  Wales,  in 
1185,  in  honour  of  the  Blessed  Virgin  and  ul  saints."  (See  Pennant's  Tours  in 
Wales,  Tol.  iii.,  p.  127.) 
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portion  to  the  writing  of  ilie  world's  history)  to  subside,  we  know  not 
bow  far ;  while  trees,  not  soanty  seaside-herbage,  floorished  upon  the 
land  lately  washed  by  the  waves,  until  a  fresh  oscillation  took  place, 
and  the  sea  resumed  its  sway ;  fish  swam  among  the  forest  bongfas 
and  ^e  mollusc  tribe  dwelt  among  the  roots,  and  thus  the  sea  con- 
tinues, eating  into  the  land,  winter  by  winter,  until  the  traces  of 
its  former  presence  will  soon  be  obliterated  or  overwhelmed. 

I  conceive  this  forest  to  have  been  contemporary  with  manv^  of 
those  whose  remnants  occur  in  the  interior  in  peat-mosses,  and  which 
must  have  flourished  at  a  period  subsequent  to  that  of  the  low-level 
drifts,  when  the  land  stood  at  a  higher  level  than  now ;  the  marine 
bed  may  probably  be  correlated  with  those  drifts,  and  thus  both  might 
be  included  in  the  recent,  or  human  period. 

lY.— GoNTRXBunoKS  TO  Bbitish  Fossil  Cbustacxa. 

Bt  HnrsT  Woodwabd^  F.G.S^  F.Z.S. 

{OMtimml  from  F*g$26l.) 

[PLATE  XVII.] 

lY.  rpHE  genus  Psetdoglyphea  was  established  in  1860^  by  the  late 
jL  Br.  Albert  Oppel,  of  Munich,  fur  certain  remains  of  Crus- 
tacea occurring  in  the  Oolite  and  Lias  formations  of  Bavaria,  &o,f 
previously  referred  to  the  genus  Olyphea,  from  which,  however,  he 
has  separated  them  on  account  of  the  difference  in  the  direction  of  the 
furrows  which  mark  the  regions  of  the  cephalothorax.  Whether  these 
characters  will  be  found  to  be  supported  by  others,  or,  to  be  in  them- 
selves of  sufficient  importance  to  justify  the  retention  of  the  genus, 
must  be  determined  by  more  ample  materials  and  a  better  acquain- 
tance with  the  entire  animals  belonging  to  both  genera  than  we  are 
at  present  able  to  command. 

After  a  careful  examination  of  the  large  series  of  Oolitic  specimens 
from  the  collection  of  the  late  Mr.  William  Bean,  of  Scarborough,  pre- 
served in  the  British  Museum,  I  think  it  can  be  shown,  that,  in  addition 
to  the  distinctive  characters  of  the  carapace,  Faeudaglyphea  had  well- 
developed  claws  (chelsB)  to  the  first  pair  of  legs  :^  whereas  in  Obfphea 
the  penultimate  joint  (from  which  the  opposing  fixed  ramus  of  the 
chela  is  developed),  only  bears  a  small  spine ;  so  that  the  fore-legs  in 
Olyphea  may  be  said  to  be  monodactylous.  The  specimen  Fig.  1  in 
Plate  XYII.,  is  from  the  rich  collection  of  Charles  Moore,  Esq., 
F.G.S.,  of  Bath,  and  was  obtained  from  the  Lower  Lias  of  Weston, 
near  Bath.  The  nodule  containing  the  fossil  has  been  adroitly 
split  open  in  a  line  with  the  body  of  the  animal,  and  exhibits  the  left 
side  of  the  cephalothorax,  and  five  of  the  abdominal  rings,  and  two 
of  the  side-swimming-plates  of  the  telson,  but  the  mecdan  plate  is 
wanting,  as  is  also  the  first  abdominal  segment. 

^  PalacontologiBche  Mittheilungen  ana  demMiueum  des  KoenigL  Bayer.  Staatet,  Tcm 
Dr.  Albert  Oppel,  Stuttmt,  1862,  p.  61. 

*  Xth.  pair  of  appen&ges :  see  table  of  appendages  of  Gmstaoet,  in  F^  Boo.  Vol. 
six.,  1865,  Monograph  on  the  Merostomata,  pp.  4  and  5. 
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I  have  little  doubt  in  leferring  this  to  Henuann  von  HejvA 
Glyphea  grandisy^  (since  placed  by  Oppel  in  his  genns  of  i^grfi 
glyph€a,y  from  the  Idas  of  Tubingen.  The  carapace,  whidi  is  foMiy 
granulated,  measnreB  two  inches  in  extreme  length,  and  nine  lineiii 
greatest  breadth  of  side.  Two  nearly  parallel  furrows  pass  from  Ai 
dorsal  line  obliquely  across  the  side  of  the  carapace,  separating  tin 
branchial  from  the  cardiac  region,  and  terminating  in  a  smoott 
roimded  prominence  on  the  hepatic  region.  The  nuchal  fmrow, 
between  the  cardiac  and  gastric  regions,  is  short  and  deeply  indented; 
the  frontal  portion  of  the  carapace  is  marked  by  two  lines  of  smatt 
tubercles,  conTerging  towards  the  rostrum,  which  is  short,  boi 
pointed  (as  in  Astacus)  ;  the  orbits  are  shallow.  The  abdomen  ii 
1}  inch  in  length,  the  segments  are  granulated  like  the  cepbir 
lothorax,  the  epimera  are  falcate  and  finely  serrated  upon  their 
posterior  borders.  The  plates  of  the  telson  are  7  lines  in  length  and 
4  lines  in  breadth;  the  exterior  plate  is  divided  near  the  lower 
margin  by  an  oblique  suture  as  in  Astaeut  and  Homanu.  The  long 
and  slender  walking  legs  can  be  seen  imperfectly  preserved,  but  their 
terminations  are  not  visible.  The  anterior  pair  of  legs  were  chelate 
but  the  evidence  of  this  is  derived  from  other  examples. 

I  liave  already  alluded  to  this  example'  as  the  Paeudoglyphea  Wm- 
vjoodi,  sp.  no  v.,  but,  after  a  further  examination,  I  am  obliged  to  refer 
it  to  H.  von  Meyer's  species,  P.  graudiSf  which,  although  founded 
upon  a  less  perfect  example  than  that  figured  in  our  plate,  appears 
nevertheless  to  be  identical. 

The  f(>llowiiig  species  of  Fseudoglyphea  have  been  enimierated  by 
Dr.  Oppel : — 

Fseudoghjphea  grnndisy  Meyer,  sp.     Lr.  Lias,  Tubingen ;  Weston. 

Etialoniy  OpiKil,  M.  Lias,  Pegney  and  Chalindrey. 
amalthea,  Oppel,  M.  Lias,  Boll,  Wurtemberg. 
stricta,  Etallon,  U.  Lias,  Corlee,  Normandy. 
eximia,  Oppel,  Oxfordian,  Dept.  Meurthe. 
Tcrqnemt,  Oppel,  Oxfordian,  Dept.  Meurthe. 

To  this  genus  must  also  be  referred  the  Astacus  Birdii,  of  Bean, 
MS.  from  the  Inferior  Oolite,  Peak,  Yorkshire,  and  four  other  cara- 
paces (to  be  hereafter  figured),  1.  from  the  Oolite  beds,  railway 
cutting,  near  Stamford,  collected  by  Prof.  Morris,  (Mus.  Brit.) ;  2. 
from  the  Lower  Lias,  Nortliampton,  collection  of  Samuel  Sharp,  Esq., 
F.S.A.,  F.G.S. ;  3.  from  the  Oolite  of  Shotover,  collected  by  W. 
Cunnington,  Esq.,  F.G.S.,  (Mus.  Brit.) ;  4.  Middle  Lias,  Dundas, 
near  Batli,  collection  of  C.  Moore,  Esq.,  F.G.S.  Tvvo  chelae,  from  the 
Combrash  of  Chippenham,  probably  also  belong  to  this  genus,  but 
more  evidence  is  needed  before  the  species  can  be  safely  determined. 

V.  The  detached  cephalothorax  (Plate  XVII.  Fig.  2)  is  referable  to 
the  genus  Glyphea,  as  restiicted  by  Dr.  OppeL*    It  was  obtained  by 

^  Neue  Gnttungen  Fossiler  Krcbso  aus  gebilden  rom  Bunten  sandstein  bis  in  die 
Kreide,  von  Hennann  von  Meyer,  Stuttgart,  1840,  Taf.  iv.,  Fig.  27. 
'  Pttlacontologische  Mittheilunpen,  p.  62. 
'  British  ARsociation  Reports,  Dundee,  1867,  p.  46. 
*  Palaeontoiogiflcho  Mittkeilungen,  p.  66. 
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the  Bev.  H.  H.  Winwood,  M.A.,  F.O.S.,  from  the  Lower  Lias  of 
Weeton,  near  Bath,  who  kindly  obliged  me  with  a  cart  of  it  finr  ex- 
amination. 

The  oarapaoe,  which  measures  18  lines  in  lengih  along  the 
mesial  line,  and  18  lines  in  breadth  across  the  branchial  rogion, 
is  so  disposed  upon  the  matrix  as  to  exhibit  both  sides  in  nearljr  ttie 
flame  plane :  I  haye  observed  several  roecimens  in  this  conmtion 
fiom  Uie  Oolite  of  Maltan,  Yorkshire.  The  sur&oe  is  finely  gianu- 
latedy  the  regions  of  the  carapace  are  tumid,  the  nuchal  furrow  is 
deep  and  nearly  transrerse,  the  part  anterior  to  il  is  marieed  by  three 
xidges,  disposed  nearly  parallel  to  each  other,  on  either  aide  of  the 
median  ri4ge;  the  cardiac  region  is  separated  from  the  branchial 
by  two  furrows,  which  commencing  on  the  dorsal  line  2^  lines  from 
the  posterior  border  of  the  carapace,  extend  forward  in  two  diveig- 
ing  Y-shaped  lines  down  either  side  until  they  nearly  touch  the 
nuchal  furrow,  when  the  iimer  furrow  is  curved  back,  uniting  with 
the  outer,  and  encircling  the  hepatic  region,  it  joins  the  nuchal 
furrow  near  the  lateral  margin. 

I  have  carefully  compared  Fig.  2  with  a  laige  series  of  speoimflns 
from  the  Oolite  of  Yorkshire,  Normandy,  and  Oermany,  and  I 
find — although  at  first  disposed  to  consider  it  specifically  distinct — 
that  I  must  refer  it  to  the  Oljfpkea  (Astaeus)  rostraia  of  Phillips,^ 
which,  although  usually  larger  in  proportion,  has  precisely  the  same 
disposition  of  the  regions  and  furrows  of  the  carapace.  The  species 
occurs  at  Malton  and  Soarboro',  in  Yorkshire ;  at  Besancon  and  Bu, 
near  Yesoul,  and  some  localities  in  Normandy ;  and  Weston,  near 
Bath.  (Collns. :  British  Museum,  and  Bev.  H.  H.  Winwood,  F.G.S., 
Bath) 

VI.  Another  species  of  Olyphea  (Plate  XVH,  Fig.  8)  is  from 
the  Lower  Lias  of  Lyme  Begis,  Dorset,  and  was  collected  by 
E.  C.  H.  Day,  Esq.,  F.G.S.,  formerly  of  Charmouth. 

It  measures  17  lines  in  extreme  lengh,  of  which  the  carapace  is  7 
and  the  abdomen  10  lines.  All  the  legs  are  monodactylous ;  the 
penultimate  joint  of  the  fore-log  is  broad  and  flattened,,  the  surfiEtce 
rugose ;  the  rostrum  is  armed  with  several  short,  erect  spines ;  the 
surface  of  the  carapace  on  the  branchial  regions  is  scabrous ;  the 
body-segments  are  smooth,  save  near  the  epimera,  when  they  become 
slightly  rugose;  the  borders  are  falcate,  and  armed  with  nunute 
spines.     The  antennsd  are  not  preserved. 

Although  our  specimen  differs  slightly  from  Dr.  Oppd's  figure 
of  Glyphea  Heeri  [Palsdontologische  Mittheilungen,  etc..  Tab.  16, 
Fig.  1,  from  the  Lower  Lias,  Schambelen  by  MuUigen,  Baden, 
Canton  Aargau],  in  the  form  of  the  distal  end  of  the  penultimate 
joint  of  the  fore-leg,  and  in  the  more  pointed  form  of  the  epimera 
of  the  abdominal  segments,  yet  in  other  respects  they  appear  to 
agree  so  closely,  that  I  tlimk  it  better  to  await  more  perfect 
materials  before  venturing  to  separate  them.  (The  original  is 
preserved  in  the  British  Museum.)  

YU.  The  fourth  crustacean  figured  on  Plate  XYIL,  Fig.  4,  also 
^  G€ol.  Yorkflhixe,  Part  1,  PL  lY.,  Fig.  20,  from  the  CoraUine  OoUte. 
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belong  to  the  genus  Glyphea,  and  is  from  the  oollection  of  B.  l 
Tomes,  Esq.,  who  obtained  it  from  the  Lower  Lias  (sone  of  hir 
monites  semicostalus),  Welford  Hill,  Stratford-on-Avon,  Warwidoibiiii 

The  specimen  exhibits  the  dorsal  aspect  in  almost  a  perfect  Me; 
and  is  2  inches  in  extreme  length,  of  which  the  carapace  mearani 
11  lines,  the  abdominal  segments  9  lines,  and  the  telson  4  linei* 

The  ix>strum  is  1  line  in  length ;  the  carapace  is  strongly  indentri 
by  the  nuchal  furrow  5  lines  from  its  frontal  border,  the  put  anteriot 
to  the  nuchal  furrow  being  ornamented  by  two  parallel  lines  of  nuD 
tubercles  on  each  side  of  the  rostrum,  the  interspaces  being  smDoA. 

Two  furrows,  not  differing  greatly  in  position  from  those  on  the 
carajxico  of  Glifphea  rostrata,  divide  the  cardiac  and  branchial  r^iooii 
the  surface  of  which  is  thickly  studded  with  minute  tubercles.  The 
legs  are  slender  and  appear  to  be  monodactylous.  The  epimera  of 
the  abdominal  segments  are  obtuse  and  have  a  raised  border;  tlu 
surface  of  the  segments  was  smooth  and  destitute  of  punctae  or 
tubercles.  The  lamina  of  the  tail  are  broad,  and  the  exterior  plate 
is  divided  transversely  near  its  extremity  by  a  line  of  suture,  ai 
already  described  in  the  genus  Psevdoglyphea. 

This  elegant  little  crustacean  cannot  be  referred  to  any  published 
species  with  which  I  am  acquainted ;  it  nearly  approaches  the 
Glyphea  Munsterij  of  Voltz,  from  the  Oxfordian  of  St.  Scolasse,  but 
they  do  not  agree  together  in  the  divisions  of  the  carapace ;  nor  can 
it  bo  referred  to  the  G.  rostraia,  of  Phillips.  I  have,  therefore, 
fore,  much  pleasure  in  naming  it  Glyphea  Tomesii,  after  the  discoverer, 
K.  F.  Tomes,  Esq. 

EXPLANATION    OF    PLATE   XVII. 

Fio.  1.    Fsettdoghjphea  prandis,  Meyer,  ep.  Lower  Lias,  "Weston,  near  Bath,  fi^om  the 

collection  of  Charles  Moore,  Esq.,  F.G.S.,  Bath. 
Fio.  2.     Glyphea  rottrata^  Phillips,  sp.  Lower  Lias,  Weston,  near  Bath,  from  the 

collection  of  Rev.  H.  11.  Winwood,  M.A.,  F.G.S.,  Bath. 
Fio.  3.     Glyphea  Ueeri,  Oppel,  Lower  Lias,  Lyme  Eegis.     Original  in  the  British 

Museum. 
Fio.  4.     Glyphea  Tomesii^  H.  Woodward,  I/)wcr  Lias,  Welford  Hill,  Stratford-on- 

Avon,  from  the  collection  of  R.  F.  Tomes,  Esq.,  Corr.  Memb.  Zool.  See 

[All  the  fi^^ures  are  drawn  of  the  natural  size.] 


V. — Note  by  Phofkssor  Moeris,  F.G.S.,  on  Organic  Remains  in 

THE  Somersetshire  Coal-field. 

THE  occurrence  of  invertebrate  animal-remains  in  the  Somersetshire 
Coal-field  has  not,  I  believe,  been  very  frequently  noticed.  With 
the  view  of  drawing  attention  to  the  subject,  I  send  a  brief  notice  of  a 
few  remains  which  I  had  the  pleasure  of  collecting  during  a  visit 
with  Mr.  J.  Prestwich  to  this  district,  hoping  that  the  local  geologists, 
or  members  of  the  Natural  History  Societies,  may  b©  induced  to 
record  tlie  observations  they  have  made,  or  fiither  prosecute 
enquiries  into  the  occurrence  of  the  animal-remains,  either  verte- 
brate or  invertebrate,  which  may  be  associated  with  the  rich  and 
interesting  flora  of  this  Coal-fidld.  Casts  of  bivalve  mollusca 
{Anthracoptera  f)  were  detected  in  the  coal-shale  at  Twerton,  near 
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Bath,  but  I  was  not  fortunate  in  finding  any  similar  shales  at  the 
:,  oiher  coal-pits  visited.    Bemains  of  liiUomostraca  were,  however, 
j^^pilantbly  abundant  at  one  or  two  localities,  and  I  have  little  doubt 
S^^iroold  yield  a  rich  harvest  to  any  local  investigator.      Having 
:  T^Mtbmitted  the  few  specimens  I  obtained  to  Professor  Bupert  Jones, 
"  UMt  gentleman  has  kindly  determined  them.     From  the  bituminous 
ahale  of  Mr.  Farrar's  pit  at  Nailsea ;  Estheria  striata,  var.  Beinertiana 
(Hon.  Fobs.  £stheri»,  PI.  I.,  Fig.  13),  with  intercostal  spaces  dis- 
tinctly wide,  but  not  shewing  ornament;  also  an  imperfect  cast  of 
Seffriehia  arcuata  f    From  the  roof  of  the  white  seam  of  Youngwood 
pit,  Nailsea,  were  obtained  Kirkbya  costata,  not  in  good  condition, 
and  partly-imbedded  well  preserved  specimens,  of   a  species  of 
Ojifiheret  as  well  as  some  indeterminable  casts.    In  the  shale,  about 
200  feet  above  the  white  seam  of  the  last  pit,  was  observed  an  Ostraeod 
imbedded  with  its  surface  downwards,  dosely  resembling  Oythere 
/abuUna.    Numerous  seed-vessels  (sporangia)  were  likewise  observed 
in  the  Coal-shales  of  Bedminster  and  Yate,  referable  probably  to 
FliwUngites  or  Lepidodendran  (see  Geol.  Mag.,  1865,  YoL  IL,  p.  438, 
Plate  Xn). 

In  a  letter,  just  received  from  Mr  M'Murtrie,  he  states  that,  "at 
Badstock  no  animal-remains  have  been  found  in  the  Coal-measures, 
but  that  at  Camerton  several  specimens  of  bivalve  shells  {AnthrO' 
eotiaf)  and  two  specimens  of  Limtdus  have  been  found  by  Mr  E. 
Feaie."  J.  M. 


2sroTiOES    OIF    :m:e:m:oi:rq, 

I. — On   ths   Ahimals    which    abe    most    nearly    DrrsaioEDiATs 

BETWEEN  Birds  and  Beptiles.^ 

By  Professor   Huxlbt,   LL.D.,  F.R.S. 

rOSE  who  hold  the  doctrine  of  Evolution  (and  I  am  one  of 
them)  conceive  that  there  are  grounds  for  believing  that  the 
world,  with  all  that  is  in  it  and  on  it,  did  not  come  into  existence  in 
the  condition  in  which  we  now  see  it,  nor  in  anything  approaching 
that  condition. 

On  the  contrary,  they  hold  that  the  present  conformation  and  com- 
position of  the  earth's  crust,  the  distribution  of  land  and  water,  and 
the  infinitely  diversified  forms  of  animals  and  plants  which  con- 
stitute its  present  population,  are  merely  the  final  ternft  in  an  im- 
mense series  of  changes  which  have  been  brought  about,  in  the 
course  of  immeasurable  time,  by  the  operation  of  causes  more  or  less 
similar  to  those  which  are  at  work  at  the  present  day. 

Perhaps  this  doctrine  of  Evolution  is  not  maintained  consciously, 
and  in  its  logical  integrity,  by  a  very  great  number  of  persons.'  But 

1  Being  a  Lecture  deliyered  at  the  Boyal  Institation  of  Great  Britain,  on  Friday, 
February  7,  1868. 

s  The  only  complete  and  systematic  statement  of  the  doctrine  with  which  I  am 
acquainted  is  that  contained  in  Mr.  Herbert  Spencer's  "  System  of  Philosophy,"  a 
work  which  should  be  carefully  studied  by  all  who  desire  to  know  whither  scientiflo 
tiiought  is  tending. 
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many  hold  particnlar  applications  of  it  without  oommitting  Abb- 
selves  to  the  whole ;  and  many,  on  the  other  hand,  fiivoor  flft 
general  doctrine  without  giving  an  ahsolute  assent  to  its  paitioobr 
applications. 

Thus,  one  who  adopts  the  neholar  hypothesis  in  Astronomy,  orii 
a  Uniformitarian  in  Greology,  or  a  Darwinian  in  Biology,  is,  so  &r, 
an  adherent  of  the  doctrine  of  Evolution. 

And,  as  I  can  testify  from  personal  experience,  it  is  possiUe  fo 
have  a  complete  faith  in  the  general  doctrine  of  Evolution  and  jet 
to  hesitate  in  accepting  the  Nehular,  or  the  Unifarmitarian,  or  die 
Darwinian  hypotheses  in  all  their  integrity  and  fullness.  For  many 
of  the  objections  which  are  brought  against  these  various  hypotheses 
affect  them  only,  and  even  if  they  be  valid,  leave  the  general  doctzine 
of  Evolution  untouched. 

On  the  other  hand,  it  must  be  admitted  that  some  arguments  whidi 
are  adduced  against  particular  forms  of  the  doctrine  of  Evolntion, 
would  very  seriously  affect  the  whole  doctrine  if  they  vrere  proof 
against  refutation. 

For  example,  there  is  an  objection  which  I  see  constantly  and  con- 
fidently urged  against  Mr.  Dai'win's  views,  but  which  really  strikes 
at  the  heart  of  the  whole  doctrine  of  Evolution,  so  far  as  it  is  applied 
to  the  organic  world. 

It  is  admitted  on  all  sides  that  existing  animals  and  plants  are 
marked  out  by  natural  intervals  into  sundry  very  distinct  groups : — 
Insects  are  widely  different  from  Fish — Fish  from  Keptiles — Heptiles 
ftx)m  Mammals — and  so  on.  And  out  of  this  fact  arises  the  veiy 
pertinent  objection, — How  is  it,  if  all  animals  have  proceeded  by 
gradual  modification  from  a  common  stock,  that  these  great  gape 
exist  ? 

We,  who  believe  in  Evolution,  reply,  that  these  gaps  were  once 
non-existent ;  that  the  connecting  forms  existed  in  previous  eptxjhs  of 
the  world's  history,  but  that  they  have  died  out 

Naturally  enough,  then,  we  are  asked  to  produce  these  extinct  forms 
of  life.  Among  the  innumerable  fossils  of  all  ages  which  exist,  we 
are  asked  to  point  to  those  which  constitute  such  connecting  forms. 

Our  reply  to  this  request  is,  in  most  cases,  an  admission  that  such 
forms  are  not  forthcoming,  and  wo  account  for  this  failure  of  the 
needful  evidence  by  the  kncwn  imperfection  of  the  geological  record. 
We  say  that  the  scries  of  fonnations  with  wliich  we  are  acquainted 
is  but  a  small  fraction  of  those  wliich  have  existed,  and  that  between 
those  which  we  know  tJiere  are  great  breaks  and  gaps. 

I  believe  that  these  excuses  have  very  great  force ;  but  I  cannot 
smother  the  uncomfortable  feeling  that  they  are  excuses. 

If  a  landed  proprietor  is  asked  to  produce  the  title-deeds  of  his 
estate,  and  is  obliged  to  reply  that  some  of  them  were  destroyed  in  a 
fire  a  century  ago,  that  some  were  oamed  off  by  a  dishonest  attorney, 
and  that  the  rest  are  in  a  safe  somewliere,  but  that  he  really  cannot 
lay  his  hands  upon  them  ;  he  cannot,  I  tliink,  feel  pleasantly  secure, 
though  all  his  allegations  may  be  correct  and  his  ownership  indis- 
putable.   But  a  doctrine  is  a  scientific  estate,  and  the  holder  must 
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ilways  be  able  to  produoe  bis  title-deedt,  in  the  way  of  diieot  eri- 
lenoe,  or  take  the  penalty  of  that  peculiar  diaoomfoit  to  wbioh  I 
haYe  referred. 

Tou  will  not  be  sarpriaed,  therefore,  if  I  take  this  opportunity  of 
pointing  oat  that  the  objection  to  the  doctrine  of  Evolution,  drawn 
m>m  the  snpposed  aba^ice  of  intermediate  forma  in  the  fossil  state, 
certainly  does  not  hold  good  in  all  cases.  In  short,  if  I  cannot  pro- 
dnce  the  complete  title-deeds  of  the  doctrine  of  animal  Evolution,  I 
am  able  to  show  a  considerable  piece  of  parchment  evidently  belong- . 
ing  to  them. 

To  superficial  observation  no  two  groups  of  beings  can  appear  to 
be>  more  entirely  dissimilar  than  BepiSes  and  Birds.  Placed  side  by 
aide,  a  Humming-bird  and  a  Tortoise,  an  Ostrich  and  a  Crocodile, 
offer  the  strongest  contrast,  and  a  Stork  seems  to  have  little  but 
animality  in  common  with  the  Snake  it  swallows. 

Careful  investigation  has  shown,  indeed,  that  these  obviouB  differ- 
ences are  of  a  much  more  superficial  diaracter  than  might  have  been 
suspected,  and  that  Beptiles  and  Birds  do  really  agree  much  more 
dosely  than  Birds  with  Mammals,  or  Beptiles  with  i^phiUana.  But 
still,  "  though  not  as  wide  as  a  church-door  or  as  deep  as  a  well," 
the  gap  between  the  two  groups,  in  the  present  world,  is  considerable 
enough. 

Without  attempting  to  plunge  you  into  the  depths  of  anatomy, 
and  confining  myself  to  that  osseous  system  to  which  those  who  desire 
to  compare  extinct  with  living  animals  are  almost  entirely  restricted, 
I  may  mention  the  following  as  the  most  important  differences  between 
all  the  Birds  and  Beptiles  which  at  present  exist 

1.  The  pinion  of  a  Bird,  which  answers  to  the  hand  of  a  man  or 
to  the  forepaw  of  a  Beptile,  contains  neither  more  nor  fewer  than 
three  fingers.  These  answer  to  the  thumb  and  the  two  succeeding 
fingers  in  man,  and  have  their  metacarpals  connected  together  by  firm 
bony  union,  or  anchylosed.  Claws  are  developed  upon  the  ends  of 
at  most  two  of  the  tluree  fingers  (that  answering  to  the  thumb  and  the 
next),  and  are  sometimes  entirely  absent 

No  Hcptile  with  well-developed  forelimbs  has  so  few  as  three 
fingers  ;  nor  are  the  metacarpal  bones  of  these  ever  united  together ; 
nor  do  they  present  fewer  than  three  daws  at  their  terminations. 

2.  The  breast-bone  of  a  Bird  becomes  converted  into  membrane- 
bone,  and  ossification  commences  in  it  from  at  least  two  centres. 

The  breast-bone  of  no  Beptile  becomes  converted  into  membrane- 
bone,  nor  does  it  ever  ossify  from  several  distinct  centres. 

3.  A  considerable  number  of  caudal  and  lumbar,  or  dorsal,  ver- 
tebrae unite  together  with  tke  proper  sacral  vertebrsB  of  a  Bird  to 
form  its  ''  sacrum."  In  Beptiles  tlie  same  region  of  the  spine  is  con- 
stituted by  the  one  or  two  sacral  vertebrae. 

4.  In  Birds  the  haunch-bone  (ilium)  extends  far  in  front  of,  as  well 
as  behind,  the  acetabulum  ;  the  ischia  and  pubes  are  directed  back- 
wards, almost  parallel  with  it  and  with  one  another ;  the  ischia  do  not 
unite  in  the  ventral  middle  line  of  the  body.  In  Beptiles,  on  the 
contrary,  the  haunch-bone  is  not  produced  in  front  of  the  acetabulum ; 
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and  the  axes  of  tbe  ischia  and  pabes  diyerge  and  lie  more  or  lea  i 
right  angles  to  that  of  the  ilium.  The  isohia  always  nnita  in  Ai 
middle  ventral  line  of  the  body. 

5.  In  all  Birds  the  axis  of  the  thigh-bone  lies  nearly  paiallel  iri& 
the  median  plane  of  the  body  (as  in  ordinary  Mammalia)  ia  fti 
natural  position  of  the  leg.  In  Beptiles  it  stands  oat  at  a  moiecr 
less  open  angle  with  the  median  plane. 

6.  In  Birds  one  half  of  the  tarsus  is  inseparably  united  wi&Ai 
tibia,  the  other  half  with  the  metatarsal  bone  of  the  foot.  This  iiBOi 
the  case  in  Beptiles. 

7.  Birds  never  have  more  than  four  toes,  the  fiflh  being  alwqi 
absent.  The  metatarsal  of  the  hallux,  or  great  toe,  is  always  ihoit 
and  incomplete  above.  The  other  metatarsals  are  anohylosed  \ogi&a^ 
and  unite  witn  one  half  of  the  tarsus,  so  as  to  form  a  single  Inoa^ 
which  is  called  the  iarsomeiaiardus.  Beptiles  TFith  oompleielf 
developed  hind-limbs  have  at  fewest  four  toes,  tbe  metatansli  A 
which  are  all  complete  and  distinct  from  one  another. 

Although  all  existing  Birds  differ  thus  definitely  from  existing 
Beptiles,  one  comparatively  small  section  comes  nearer  Beptiles  than 
the  others.  These  are  the  BaHta,  or  struthious  birds,  compriiiDg 
the  Ostrich,  Bhea,  Emu,  Cassowary,  Apteryx,  and  the  but  reoent)^ 
extinct  (if  they  be  really  extinct)  birds  of  New  Zealand,  Dinandi, 
etc,  which  attained  gigantic  dimensions.  All  these  birds  areremazk- 
able  for  the  small  size  of  their  wings,  the  absence  of  a  crest  or  ked 
upon  the  breastbone,  and  of  a  complete  furcula ;  in  many  cases,  for 
the  late  union  of  the  bones  of  the  pinion,  the  foot,  and  the  skulL  In 
this  last  character  in  the  form  of  the  sternum,  of  the  shoulder-girdle, 
and  in  some  peculiarities  of  the  skull,  these  birds  are  more  reptilian 
than  the  rest ;  but  the  total  amount  of  approximation  to  the  reptilian 
type  is  but  small,  and  the  gap  between  Beptiles  and  Birds  isbutveiy 
slightly  narrowed  by  their  existence. 

How  far  can  this  gap  be  filled  up  by  a  reference  to  the  records  of 
the  life  of  past  ages  ? 

This  question  resolves  itself  into  two  : — 

1.  Are  any  fossil  Birds  more  reptilian  than  any  of  those  now 
living  ? 

2.  Are  any  fossil  Beptiles  more  bird-like  than  living  reptiles? 
And  I  sliall  endeavour  to  show  that  both  these  questions  must  be 
answered  in  the  affirmative. 

It  is  very  instructive  to  note  by  how  mere  a  chance  it  is  we  happen 
to  know  that  a  fossil  bird,  more  reptilian  in  some  respects  than  any 
now  living,  once  existed. 

Bones  of  birds  have  been  obtained  from  rocks  of  very  various 
dates  in  the  Tertiary  series  without  revealing  any  forms  but  such  as 
would  range  themselves  among  existing  families. 

A  few  years  ago  the  great  Mesozoic  formations  had  yielded  only 
the  few  fragmentary  omitbolites  which  have  been  discovered  in  the 
Cambridge  Greensand,  and  which  are  insufficient  for  the  complete 
determination  of  the  affinities  of  the  bird  to  which  they  belonged. 
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However,  the  veiy  fine  calcareous  mud  of  the  ancient  Oolitic  sea- 
bottom  which  has  now  hardened  into  the  famous  Lithographic  slate  of 
Bolenhofen,  and  has  preserved  innumerable  delicate  organisms  of  the 
ttdstence  of  which  we  should  otherwise  have  been,  in  all  probability, 
totally  ignorant,  in  1861  revealed  the  impression  of  a  feather  to  the 
ftmous  palaeontologist,  Herman  von  Meyer.  Yon  Meyer  named  the 
unknown  bird  to  which  this  feather  belonged  ArchoBOpteryx  Utko^ 

Saphieay  and  in  the  same  year,  the  independent  discovery  by  Dr. 
aberlein  of  the  precious  skeleton  of  the  ArchcBopteryz  itself,  which 
tft>w  adorns  the  British  Museum,^  demonstrated  the  chief  characters 
0f  this  very  early  bird.  But  it  must  be  remembered  that  this  feather 
and  this  imperfect  skeleton  are  the  sole  remains  of  birds  which  have 
yet  been  obtained  in  all  that  great  series  of  formations  known  as 
iKTealden  and  Oolite,  which  partly  lie  above,  partly  below,  and  partly 
correspond  with,  the  Solenhofen  slates. 

Though  some  pals&ontologists  may  be  forced  by  a  sense  of  con- 
nstency  to  declare  that  the  class  of  birds  was  created  in  the  sole 
person  of  Archoeopteryx  during  the  deposition  of  the  Solenhofen 
dates,  and  disappeared  during  Qie  Wealden,  to  be  re-created  in  the 
Chreensand,  to  vanish  once  more  during  the  Cretaceous  epoch  and  re* 
appear  in  the  Tertiaries,  I  incline  to  ti^e  hypothesis  that  many  birds 
besides  Arehctopteryx  existed  throughout  all  this  period  of  time,  and 
that  we  know  nothing  about  them,  simply  because  we  do  not  happen 
to  have  hit  upon  those  deposits  in  which  their  remains  are  preserved. 

Now,  what  is  this  Archceopteryx  like  ?  Unfortunately,  the  skull  is 
lost,  but  the  leg  and  foot,  the  pelvis,  the  shoulder-girdle,  and  the 
featiiers,  so  far  as  their  structure  can  be  made  out,  are  completely 
those  of  existing  ordinary  birds. 

On  the  other  hand,  the  tail  is  very  long,  and  more  like  that  of  a 
reptile  than  that  of  a  bird  in  this  respect  Two  digits  of  the  manus 
have  curved  claws,  much  stronger  than  those  of  any  existing  bird ; 
and,  to  all  appearance,  the  metacarpal  bones  are  quite  free  and  dis- 
united. 

Thus  it  is  a  matter  of  fact  that,  in  certain  particulars,  the  oldest 
known  bird  does  exhibit  a  closer  approximation  to  reptilian  structure 
than  any  modem  bird. 

Are  any  fossil  reptiles  more  bird-like  than  those  which  now 
exist? 

As  in  the  case  of  birds,  the  Tertiary  formations  jrield  no  trace  of 
reptiles  which  depart  from  the  type  of  the  existing  groups.  But 
otherwise  than  is  true  of  birds,  the  newest  of  the  Mesozoic  forma- 
tions, the  Chalk,  makes  us  acquainted  with  reptiles  which,  at  first 
sight,  seem  to  approach  birds  in  a  very  marked  manner.  Tiiese  are 
those  flying  reptiles,  the  Pterodactyles,  which  resemble  the  great 
majority  of  birds  in  the  presence  of  air-cavities  in  their  bones,  in 
the  wonderfully  bird-like  aspect  of  ^heir  ooracoid  and  scapula,  and 
in  their  broad  sternum  with  its  median  crest.  Furthennore,  in  some 
of  the  Pterodactyles,  the  premaxillae  and  the  symphysial  part  of  the 

^  The  fossil  has  been  described  by  Professor  Owen  in  the  "  Philosophical  TraHB- 
actions"  for  1863. 
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mandibles  were  prolonged  into  beaks,  which  appear  to  hifa  ha 
sheathed  in  horn,  while  the  rest  of  each  jaw  was  armed  with  teA 

But  horn-sheathed  beaks  are  found  in  reptiles  as  well  as  in  IMit 
the  structure  of  the  scapulo-coracoid  arch  and  of  the  sternum,  al 
the  pneumaticity  of  the  bones,  vary  greatly  among  birds  thenudin; 
and  these  characters  of  the  Pterodactyles  may  be  merely  adq^ 
modifications. 

On  the  other  hand^  the  manns  has  four  free  digits,  the  three  imv 
of  which  are  strongly  clawed,  while  the  fourth  is  enormously  pi^ 
longed,  in  total  contrast  to  the  abortion  of  the  corresponding  digit  ii 
birds.  The  pelvis  is  as  wholly  unlike  that  of  birds  as  is  the  bial- 
limb  and  foot. 

Thus  it  appears  that  Pterodactyles,  among  reptiles,  approach  birii 
much  as  Bats,  among  Mammals,  may  be  said  to  do  so.  They  ars  i 
sort  of  reptilian  Bats  ^  rather  than  links  between  Heptiles  and  Birdit 
and  it  is  precisely  in  those  organs  which,  in  birds,  are  the  moii 
characteristically  ornithic,  the  manus  and  the  pes,  that  they  deput 
most  widely  from  the  ornithic  type. 

Clearly,  then,  the  passage  from  Reptiles  to  Birds  is  not  from  the 
flying  Reptile  to  the  fi^'ing  Bird.  Let  us  tiy  another  line.  I  ha^ 
already  observed  that,  in  the  existing  world,  the  nearest  approxima- 
tion to  Reptiles  is  presented  by  certain  land  Birds,  the  Ostriches  and 
their  allies,  all  of  which  are  devoid  of  the  power  of  flight  by  reoBon 
of  the  small  relative  size  of  their  fore-limbs  and  of  the  character  of 
their  feathers. 

Can  we  find  any  extinct  reptiles  which  approached  these  flightless 
birds,  not  merely  in  the  weakness  of  their  fore-limbs,  but  in  other 
and  more  important  characters  ? 

I  imagine  that  we  cod,  if  we  cast  our  eyes  in  what  at  first  sight 
seems  to  be  a  most  unlikely  direction. 

The  Dinosaurtaf  a  group  of  extinct  reptiles,  containing  the  genera 
IguanodoUj  Hadrosaurus,  Megalosaurua,  Poikilopleuron,  Scelidosauna, 
PlateosauruSf  etc.,  which  occur  throughout  the  whole  series  of  the 
Mesozoic  rocks,  and  are,  for  the  most  part,  of  gigantic  size,  appear 
to  mo  to  furnish  the  required  conditions. 

In  none  of  these  animals  are  the  skull,  or  the  cervical  region  of 
the  vertebral  column,  completely  known,  while  the  stemimi  and  the 
manus  have  not  yet  been  obtained  in  any  of  the  genera.  In  none 
has  any  trace  of  a  clavicle  been  observed. 

With  regard  to  the  characters  which  have  been  positively  deter- 
mined, it  has  been  ascertained,  that : — 

1.  From  four  to  six  vertebras  enter  into  the  composition  of  the 
sacrum,  and  become  connected  with  the  ilia  in  a  manner  which  is 
partly  ornithic,  partly  reptilian. 

2.  The  ilia  are  prolonged  forwards  in  front  of  the  acetabulum  as 
well  as  behind  it,  and  the  resemblauce  to  the  bird's  ilium  thus  pro- 
duced is  greatly  increased  by  the  widely  arched  form  of  the  acetabular 
margin  of  the  bone,  and  the  extensive  perforation  of  the  floor  of  the 
acetabulum. 

1  It  will  be  andentood  that  I  do  not  vnggest  any  direct  affinity  between  Pfterodae- 
4Hei  and  Bata. 
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.  S*  The  other  two  oomponents  of  the  as  innomkuUitm  haTO  not  been 
iwerred  actually  in  place ;  indeed,  only  one  of  them  is  known  at 
p,  bat  that  one  is  exceedingly  remarkable  from  its  strongly  oxnithio 
pnaoter.  It  is  the  bone  which  has  been  called  **  daviole"  in  Mega- 
^mwruB  and  Iguanadan  by  Guvier  and  his  successors,  thou^  the 
ilgaoious  Buckland  had  hinted  its  real  nature.^  Bat  these  bones  are 
idt  in  the  least  like  the  clavicles  of  any  animal  which  possesses  a 
Iwioley  while  they  are  extremely  similar  to  the  ischia  of  snoh  a  \}ird 
0-  an  ostrich ;  and  in  the  only  instance  in  which  they  haYO  been 
kmnd  in  tolerably  undisturbed  relation  with  other  parts  of  the 
keleton,  namely,  in  the  Maidstone  Jj^fiaiMMian^  they  lie,  one  upon 
adi  side  of  the  body,  dose  to  the  ilia.  I  hold  it  to  be  certain  tlutt 
hese  bones  belong  to  the  pelvis,  and  not  to  the  shoulder-girdle,  and 
!  think  it  probable  that  they  are  isbhia;  but  I  do  not  deny  that  they 
Dinr  be  pubes. 

4.  The  head  of  the  femur  is  set-on  at  right  angles  to  the  shaft  of  the 
he  bone,  so  that  the  axis  of  the  thigh-bone  must  have  been  parallel 
vith  the  middle  vertical  plane  of  the  body,  as  in  birds. 

6.  The  posterior  surface  of  the  external  condyle  of  the  famor  pre- 
lents  a  strong  crest,  which  passes  between  the  head  of  the  fibula  and 
be  tibia  as  in  birds.  There  is  only  a  rudiment  of  this  strootuze  in 
liher  reptiles. 

6.  The  tibia  has  a  great  anterior  or  **  procnemial"  crest,  convex  on 
lie  inner,  and  concave  on  the  outer,  side.  Nothing  comparable  to  this 
ndsts  in  other  reptiles,  but  a  correspondingly  developed  crest  exists 
n  the  great  majority  of  birds,  espeoally  su<£  as  have  great  walking 
nr  swimming  powers. 

7.  The  lower  extremity  of  the  fibula  is  much  smaller  than  the 
yther ;  it  is,  proportionally,  a  more  slender  bone  than  in  other  reptUes. 
[n  birds  the  distal  end  of  Uie  fibula  thins  away  to  a  point>  and  it  is  a 
itill  more  slender  bone. 

8.  Seelidosaurua  has  four  complete  toes,  but  there  is  a  rudiment  of 
%  fifth  metatarsal.  The  third  or  middle  toe  is  the  largest,  and  the 
netatarsal  of  the  hallux  is  much  smaller  at  its  proximal  than  at  its 
iistal  end. 

Iguanodon  has  three  large  toes,  of  which  the  middle  is  the  longest, 
Fhe  slender  proximal  end  of  a  first  metatarsal  has  been  found  adherent 
x>  the  inner  face  of  the  second,  so  that  if  the  hallux  was  completely 
ieveloped  it  was  probably  very  smalL  No  rudiment  of  the  outer  toe 
[ias  been  observed. 

It  is  clear,  from  the  manner  in  which  the  three  principal  meta- 
tarsals articulate  together,  that  they  were  very  intimately  and  firmly 
onited,  and  that  a  sufficient  base  for  the  support  of  the  body  was 
ifibrded  by  the  spreading  out  of  the  phalangeal  regions  of  the  toes. 

From  the  great  difference  in  size  between  the  fore  and  hind  limbs, 
Ifantell,  and  more  recently  Leidy,  have  concluded  that  the  IH'iio- 
umria  (at  least,  Iguanodon  and  HadroBaurw)  may  have  supported  them- 

*  The  80-called  "  coracoid  '*  of  MegaloMwrm  is  the  iUum.  I  am  indebted  to  Fro- 
Itmm  Phillipe,  and  to  the  splendid  collection  of  Me^oeanrian  remams  which  ha  hM 
fasmed  ai  Oxford,  for  moit  important  eridsnoe  tooohmg  this  reptile. 
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selves,  for  a  longer  or  sborter  period,  upon  tlieir  hind  VagL  BviAi 
diso:-TerT  male  in  the  Weald,  bj  Mr  Beddes^  of  paiiB  <rf  Inge  Am- 
toed  f>M-prints.  of  such  a  size  and  at  socli  a  ^igtmnrm  apatt  tiiaiiiii 
difficult  to  believe  ther  can  have  been  made  by  anything  bat  ■ 
lp^amodc%,  lead  to  the  supposition  that  thia  vast  reptile^  and  pcA^i 
others  of  its  funilv,  must  hare  walked,  temporarily  or  penDaiiflai||^ 
upon  its  hind  legs. 

However  this  mav  be,  there  can  be  no  doubt  that  the  hindqoBla 
of  the  IHnoMHria  wonderfully  apprxMcbed  those  of  IniidB  in  ttar 
general  stmctTii>?.  and  therefore  that  these  extinct  Beptfles  were  non 
closely  allied  to  birds  than  any  which  now  live. 

Bat  a  single  specimen,  obtained  from  those  Solenhofen  dates,  to  Ai 
accident  of  wh<>se  existence  and  tisefolness  in  the  arts  paheontologjii 
so  much  indebted,  affords  a  still  nearer  approximation  to  the  "  w»iMMig 
link  "  between  reptiles  and  birds.  This  is  the  singular  reptile  whid 
has  been  described  and  named  Comj^togmaiknM  Umgipeg  by  the  kia 
Andreas  Wagner,  and  some  of  the  more  recondite  ornithic  affinitiesof 
which  have  been  since  pointed  out  by  Gkgenbanr.  Notwifhstandmg 
its  small  size  i  it  was  not  much  more  than  two  feet  in  length),  tiiii 
reptile  must,  I  think,  be  placed  among,  or  close  to,  the  DmosovM; 
but  it  is  still  more  bird-like  than  any  of  the  animals  which  are  oidi- 
narily  included  in  that  group. 

Comp9<yjnathu4  lonyipfs  has  a  light  head,  with  toothed  jaws,  tsap- 
ported  upon  a  very  long  and  slender  neck.  The  ilia  are  ptx>lon^  in 
front  of  and  behind  the  acetabulum.  The  pubes  seem  to  have  been 
remarkably  long  and  slender  (a  circumstance  which  rather  favours  the 
inteqjretation  of  the  so-called  •*  clavicles"  of  Iguanodon  as  pubes). 
The  fore-limb  is  very  smidl.  The  bones  of  the  manus  are  unfor- 
tunately WMtteretl,  but  only  four  claws  are  to  be  found,  so  that  pos- 
sibly each  manus  may  have  had  but  two  clawed  digits. 

The  hind  limb  is  very  large,  and  disposed  aa  in  birds.  As  in  the 
latter  class,  the  femur  is  shorter  than  the  tibia,  a  circumstance  in 
which  Compsognaihus  is  more  ornithic  than  the  ordinary  Dinosawria. 

The  proximal  division  of  the  tarsus  is  ankylosed  with  the  tibia,  as 
in  birds.  In  the  foot  the  distal  tarsals  are  not  united  with  the  three 
long  and  slender  metatarsals,  which  answer  to  the  second,  third,  and 
fourth  toes.  Of  the  fifth  toe  there  is  only  a  rudimentary  metataival. 
The  hallux  is  short,  and  its  metatarsal  appears  to  be  deficient  at  its 
proximal  end. 

It  is  imp<^ssiblo  to  look  at  the  conformation  of  this  strange  reptils 
and  to  doubt  that  it  hopi>ed  or  walked,  in  an  erect  or  semi-erect 
position,  after  the  manner  of  a  bird,  to  which  its  long  neck,  slight 
head,  and  small  anterior  limbs  must  have  given  it  an  extraordinary 
resemblance. 

I  have  now,  I  hope,  redeemed  my  promise  to  show  that,  in  past 
times,  birds  more  like  reptiles  than  any  now  living,  and  reptiles  more 
like  birds  than  any  now  living,  did  really  exist. 

But,  on  the  mere  doctrine  of  chances,  it  would  be  Hie  height  of 
improl>ability  that  the  couple  of  skeletons,  each  unique  of  its  kind, 
which  havo  been  preserved  in  those  comparatively  small  beds  of 
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Solenhofen  slate,  which  record  the  life  of  a  fraction  of  Mesozoio 
time,  should  be  the  relics,  the  one  of  the  most  reptilian  of  birds,  and 
tlie  other  of  the  most  ornithic  of  reptiles. 

And  this  conclusion  acquires  a  far  greater  force  when  we  reflect 
upon  that  wonderful  evidence  of  the  life  of  the  Triassic  age,  which 
18  afforded  us  by  the  sandstones  of  (^onnecticut.  It  is  true  that 
these  have  yielded  neither  feathers  nor  bones;  but  the  creatures 
which  traversed  them  when  they  were  the  sandy  beaches  of  a  quiet 
sea,  have  left  innumerable  tracks  which  are  fltll  of  instructive  sug- 
gestion. Many  of  these  tracts  are  wholly  undistinguishable  from 
those  of  modem  birds  in  form  and  size ;  others  are  gigantic  three- 
toed  impressions,  like  those  of  the  Weald  of  our  own  country ;  others 
aie  more  like  the  marks  left  by  existing  reptiles  or  Amphibia, 

The  important  truth  which  these  tracks  reveal  is,  that,  at  the  com- 
mencement of  the  Mesozoic  epoch,  bipedal  animals  existed  which  had 
the  feet  of  birds,  and  walked  in  the  same  erect  or  semi-erect  fashion. 
These  bipeds  were  either  birds  or  reptiles,  or  more  probably  both ; 
and  it  can  hardly  be  doubted  that  a  lithographic  slate  of  Tnassio 
age  would  yield  birds  so  much  more  reptilian  than  ArchaopieryXy  and 
reptiles  so  much  more  ornithic  than  GompsognaikuBy  as  to  obliterate 
completely  the  gap  which  they  still  leave  between  reptiles  and  birds. 

But  if,  on  tracing  the  forms  of  animal  life  back  in  time,  we  meet, 
as  a  matter  of  fact,  with  reptiles  which  depart  from  the  general  type 
to  become  bird-like,  until  it  is  by  no  means  difficult  to  imagine  a 
creature  completely  intermediate  between  Dromons  and  Compsogna" 
thiiSf  surely  there  is  nothing  very  wild  or  illegitimate  in  the  hypo- 
thesis that  the  phylum  of  the  class  Aves  has  its  root  in  the  Dinosaurian 
reptiles ;  that  these,  passing  through  a  series  of  such  modifications  as 
are  exhibited  in  one  of  their  phases  by  Compsognathus,  have  given  rise 
to  the  Batita ;  while  the  Carinatce  are  still  further  modifications  and 
differentiations  of  these  last,  attaining  their  highest  specialization  in 
the  existing  world  in  the  Penguins,  the  Cormorants,  the  Birds  of 
Prey,  the  Parrots,  and  the  Song-birds. 

However,  as  many  completely  differentiated  birds  in  all  proba- 
bility existed  even  in  the  Triassic  epoch,  and  as  we  possess  hardly  any 
knowledge  of  the  terrestrial  reptiles  of  that  period,  it  may  be  re- 
garded as  certain  that  we  have  no  knowledge  of  the  animals  which 
linked  Keptiles  and  Birds  together  historically  and  genetically  ;  and 
that  the  Dinosauria,  with  CompsognaihuSy  ArchtBopteryx,  and  the 
struthious  Birds,  only  help  us  to  form  a  reasonable  conception  of 
what  these  intermediate  forms  may  have  been. 

In  conclusion,  I  think  I  have  shown  cause  for  the  assertion  that 
the  facts  of  Paleontology,  so  far  as  Birds  and  Reptiles  are  concerned, 
are  not  opposed  to  the  doctrine  of  Evolution,  but,  on  the  contrary, 
are  quite  such  as  that  doctrine  would  lead  us  to  expect ;  for  they  en- 
able us  to  form  a  conception  of  the  manner  in  whidi  Birds  may  have 
been  evolved  from  Reptiles,  and  thereby  justify  us  in  maintaining 
the  superiority  of  the  hypothesis,  that  birds  have  been  so  originated, 
to  all  hypotheses  which  are  devoid  of  an  equivalent  basis  of  fact 

[T.H.H.] 
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rnHE  PopuLAB  Science  Review  for  July  contains,  among  odtf 
J.  interesting  matter,  an  excellent  article,  by  Mr.  David  FoiIni^ 
F.R.S.,  on  the  Study  of  Chemical  Geology. 

The  student,  writes  Mr.  Forbes,  who  now-a-days  intends  to  pazM 
the  science  of  Geolog}'  with  any  chance  of  success,  must  not  merdj 
confine  his  labours  to  obscr\'ation  in  the  field,  but  must  necesniib 
impose  upon  himself  the  task  of  acquiring  at  the  same  time  a  soimd 
fundamental  knowledge  of  the  principles  of  several  of  the  colktoil 
sciences,  iu  order  that  he  may  thereby  be  enabled  to  understand  nd 
estimate  correctly,  the  true  value  of  the  evidence  he  may  collect  ii 
his  travels. 

It  was,  doubtless,  very  different  in  the  infancy  of  geology,  wfaei 
the  name  *•  geologist  was  applied  to  the  observer,  who,  without  any 
pretension  to  preliminary  scientific  knowledge,  but  widowed  with  t 
reasonable  amount  of  common  sense  and  a  sturdy  pair  of  legs,  walked 
over  the  district  in  all  directions  with  a  map  and  section  in  his  hand, 
upon  which  he  coloured  or  noted  down  the  relative  extent,  direction, 
and  inclination  of  the  various  rocks  which  he  encountered. 

From  its  very  nature,  such  work  is,  in  great  part,  merely  mechanical 
in  character ;  and  as  it  is  well  known  that  the  best  maps,  whether  geo- 
graphical or  geological,  are  not  always  the  production  of  those  most 
eminent  in  the  higher  branches  of  the  sciences,  it  is  not  improbable 
that  the  intellectual  powers  required  for  the  execution  of  such  duties 
have  occasionally  been  somewhat  overrated. 

In  truth,  the  very  existence  of  geology  itself  is  dependent  upon 
the  co-operation  of  the  allied  sciences.  Zoology  came  first  to  the 
assistance  of  the  mere  stratigrapher,  and  opened  up  a  new  and  vast 
field  of  enquiry  by  insisting  upon  the  value  of  palceontological  evi- 
dence, and  showing  how  sedimentary  deposits,  in  even  the  most  dis- 
tant parts  of  the  earth,  might  be  co-related  in  geological  chronology, 
a  result  which  could  never  have  been  arrived  at  by  the  mere  exami- 
nation of  their  mineral  character  and  position  in  the  field;  mathematics 
and  astronomy  lent  their  aid  in  solving  many  important  problems 
connected  with  the  phenomena  of  our  sphere  ;  and  mineralogy  was 
required  to  determine  the  mineral  components  of  which  its  crust 
was  formed ;  whilst  a  knowledge  of  optics  and  the  use  of  the  micro- 
scope enables  the  geologist  to  extend  his  investigations  fiir  beyond 
the  limits  to  which  his  naked  eye  could  otherwise  convey  him.* 

When,  however,  the  geologist  advances  further,  and  desires  to 
study  something  more  than  the  mere  external  forms  and  physical 
characters  of  the  materials  of  which  our  globe  is  built  up,  he  is  com- 
pelled to  call  in  the  aid  of  chemistry,  for  it  is  by  chemical  science 
alone  that  he  can  bo  enabled  to  demonstrate  the  true  nature  of  these 
materials,  to  explain  their  formation  or  origin,  or  to  discover  the 
causes  which  have  produced  the  clianges  or  alterations  which  they 
have  already  experienced,  or  which  they  may  now  be  undergoing. 

*  Vide  "  The  Microscope  in  Geology,"  FoptUar  Science  Review^  toL  n.,  Oct.  1S67, 
p.  355,  eteeq. 
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British  geologists  seem  to  have  all  bat  ezdosiTely  devoted  tbem- 
Belves  to  ue  consideratioii  of  the  stratigraphical  and  palaBontologieal 
suocession  of  the  sedimentary  beds,  and  have,  as  a  role,  stadiondy 
ayoided  the  investigation  of  all  geologioal  phenomena  which  did  not 
appear  to  admit  of  explanation  by  ^^^  agency  of  mere  mechanical 
forces.  At  the  same  time,  however,  it  is  curions  to  observe  that 
there  have  not  been  wanting  those  who  have  put  forth  vague  theories 
to  accomit  for  the  nature  and  formation  of  our  metamorphic  and 
eruptive  rocks,  etc,  hypotheses  which,  unfortunately,  can  only  be  re- 
garded as  flights  of  imagination,  since  it  is  well  known  that,  with 
but  some  few  rare  exceptions,  no  chemico-geological  investigations 
or  chemical  analyses  of  British  rocks  or  of  weir  component  minerals 
have  as  yet  been  made  which  could  serve  as  a  basis  for  any  such 
generalisations. 

Foremost  as  this  country  is  in  all  the  other  departments  of  geology, 
ttr.  Forbes  considers  Great  Britain  to  be  far  behind  in  Siemioal 
Geology. 

The  author  cautions  his  readers  against  the  innate  tendency 
to  take  up  a  favourite  cause  or  hypothesis,  to  which  is  often 
attributed  effects  in  reality  the  result  of  some  very  di£krent 
agency,  or  to  the  combined  action  of  several  causes;  the  student 
should,  therefore,  be  particularly  careful  not  to  attach  himself  to  any 
special  theory  or  school  of  geology  which  might  bias  him  when 
estimating  the  value  of  evidence  brought  forward  on  any  question 
under  consideration. 

He  then  proceeds  to  point  out  the  great  importance  of  a  careful 
definition  of  the  terms  igneous,  aqueous,  and  gasolitic  action,  when 
applied  to  the  study  of  geological  phenomena. 

1.  Igneous  action  is  me  action  of  heat  as  seen  developed  in  actiire 
volcanoes,  the  study  of  which  led  to  the  formation  of  the  Plutonic 
school  of  geologists.  This  is  not  a  mere  dry  fusion,  like  melting  lead, 
glass,  or  other  anhydrous  substances  in  a  crucible,  but  is  one  in 
which,  whilst  heat  plays  the  grand  rdZe,  is  in  nature  invariably  ac- 
companied by  the  action  of  the  vapour  of  water  and  gases. 

2.  Aqueous  action  is  the  action  of  waters  (fresh  or  saline)  such  as 
are  seen  on  the  present  surface  of  the  globe ;  and  is  not  the  mere 
solvent  action  of  pure  water,  but  is  one  in  which  the  air,  gases,  salts, 
and  other  bodies  contained  in  natural  watenf,  assisted  by  heat,  materi- 
ally alters  the  solvent  powers  and  chemicsd  reactions  of  the  water 
itself. 

3.  Gasolitic  action  is  the  effect  of  gases  and  vapours,  more  or  less 
assisted  by  heat. 

All  these  agencies  are  naturally  modified  by  the  effects  of  chemical 
action  and  mechanical  force.  In  all  three  cases,  the  actions  of  heat, 
of  water,  and  of  gases  are  found  to  be  combined,  each  playing  a 
more  or  less  prominent  part  Yet  there  can  be  no  misunderstanding 
or  confusing  the  precise  meaning  to  be  attached  to  each  term. 

In  igneous  or  volcanic  action,  whilst  the  effects  of  heat  pre- 
dominate, the  presence  of  heated  steam  and  gases  exercises  a  most 
important  influence  in  modifying  the  results :  and  in  this  case  the 
water  present  is  in  the  form  of  steam. 
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Tn  aqueons  action,  on  the  other  hand,  the  water  acts  as  a  liipil, 
not  as  a  vapour,  and  is  the  main  agency.  Yet  the  efEsctBof  tti 
gaseous  and  solid  constituents,  as  wdl  as  of  its  tempeTatim»  mart 
be  taken  into  full  consideration. 

The  immense  volumes  of  steam  emitted  by  volcanoes  during  floi 
outbursts,  would  naturally  prepare  the  observer  to  expect  that  mm 
portion  might  become  entangled  in  the  lava,  and  thus  aooonnt  fbr  tto 
microscopic  cavities  containing  water  frequently  foond  in  vokw 
products ;  whilst  at  the  same  time  he  would  not  oonsider  thepraoHi 
of  microscopic  water  cavities  in  the  older  rocks  as  proving  any  dii- 
similarity  of  origin,  or  as  necessarily  demonstrating  them  to  be  cf 
aqueous  formation,  as  has  been  advanced  by  some  vnriters  on  ^ 
subject. 

As  an  illustration  of  the  fact,  that  the  same  phenomenon  nij 
at  times  be  the  result  of  totally  different  agencies,  Mr.  FoiiM 
takes,  for  example,  the  most  widely  spread  of  all  substanoei^ 
silica,  and  sJiows  that  it  can  be  produced  in  the  laboratory  by  nany 
totally  distinct  processes :  as  an  igneous  product  by  the  oxidation  of 
silicon  at  high  temperatures ;  as  an  aqueous  product  by  the  decom- 
position of  silicates ;  as  a  gasolitic  product  from  the  decomposition 
of  the  gaseous  compounds  of  silicon  with  fluorine,  chlorine,  etc.; 
and  it  even  might  be  regarded  as  an  organic  product,  when  prodoced 
from  the  decomposition  of  the  silicic  ethers. 

In  the  field  the  chemical  geologist  meets  with  abundant  cases  of 
crystallised  silica  or  quartz,  as  an  igneous  product  occurring  in  the 
lavas  from  volcanoes ;  as  an  aqueous  product  crystallised  from  solu- 
tion, or  proceeding  from  tlie  decomposition  of  mineral  silicates;  as  a 
gasolitic  product  in  the  form  of  tubes,  evidently  resulting  from  the 
decomposition  of  its  fluorine  compoimds ;  whilst  the  carapaces  and 
other  parts  of  infusoria,  etc.,  present  silica  in  a  form  which  owes  its 
appearance  to  the  action  of  organic  life. 

Mr.  Forbes  concludes  that  it  is  impossible  to  be  over-cautious  in 
attributing  the  formation  of  minerals,  or  of  the  rock -masses  in  which 
they  occur,  to  any  one  cause,  to  the  exclusion  of  other  agencies. 

He  roughly  arranges  all  rocks  which  are  as  yet  known,  under 
two  heads— eruptive  and  sedimentary ;  both  of  which  classes  of 
rocks  can  be  suMivided  respectively  into  noiinal  and  mctamorphic-, 
i.e,  those  which  still  are  Tound  comparatively  *  imchanged,  and  those 
which  have  suffered  metamorphism  or  alteration,  brought  about  by 
either  mechanical  or  chemical  force,  or  by  both  combined. 

The  sedimentary  strata,  when  comparatively  unaltered,  show  them- 
selves as  tuffs,  ashes,  breccias,  conglomerates,  grits,  sandstones,  shales, 
clays,  marls,  limestones,  etc.,  and  have  been  all  formed  either  by  the 
direct  destruction  of  eniptive  rocks  or  of  previous  sedimentary  beds 
which,  in  their  turn,  had  so  originated ;  even  the  lime  which  organic 
life  has  eliminated  from  the  ocean  to  form  the  limestones,  came,  if 
not  altogether,  at  least  in  greater  part,  from  the  same  source.  This 
has  been  the  case  even  from  the  very  oldest  period,  or,  in  other 
words,  from  the  epoch  of  the  consolidation  of  our  sphere,  since  the 
*  Everything  in  Nature  appean,  faster  or  tlowcr,  to  become  more  or  less  altered. 
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1^    original  crnst  of  the  globe  mnft  be  xegsffded  as  representing  iribat 

i    may  be  termed  the  first  eruptive  or  massive  nlioated  rooks. 

I  The  study  of  the  chemistry  of  the  emptiye  rooks,  beoomes,thereforei 
•  subject  of  special  interest  and  importanoe^  not  only  as  tending  to 
elticidate  their  origin  and  formation^  but  also  as  bearing  on  the  nature 
of  the  sedimentary  strata  whiohy  as  before  mentioned^  have,  directly 
cxr  indirectly^  been  formed  from  their  ruins, 
^  In  Great  Britain,  it  must  be  acknowledged,  there  is  at  this  present 
time,  little  or  no  information  on  this  subject  in  print;  and  of  the  few 
chemical  analyses  of  rocks  which  have  been  publidied,  it  is  to  be 
feared  that  many  of  them  have  been  made  on  specimens  whidh  have 

»  not  been  selected  with  care,  so  as  to  represent  the  actual  rook-maw 
in  question ;  and  therefore  such  analyses,  however  accurately  done, 
quite  misrepresent  the  composition  of  the  rock-mass  as  a  whole ;  in 
fiu)t,  a  Uihological  analysis  is  returned  where  a  jie<roIojrtca2  analysis  is 
required. 

The  terms  lithology  and  petrol(>gy  are  continually  misapplied  and 
nsed  for  one  another,  notwithstanding  that  the  difference  between 
them  is  clearly  indicated  by  their  derivations ;  petrology  fiom  the 
Gbreek  "Tr^po?,  a  rock,"^  being  the  study  of  rook  masses  in  stM» 
iheir  relations,  occurrence,  origia,  mineral  character,  physical  stmo- 
tare,  chemical  composition,  eta ;  whilst,  on  the  other  hand,  lithology 
from  "  X/do9y  a  stone/'  is  more  properly  applied  to  the  consideration 
of  stones  or  detached  mineral  masses  not  tit  tt<ii,  blocks,  boulders, 
pebbles,  etc.,  such  as  are  found  in  drift-gravel,  alluvial  formationsi 
conglomerates,  etc.  A  knowledge  of  lithology  may  be  acquired  in 
the  cabinet,  but  petrology  must  of  necessity  be  studied  in  the  field. 
The  petrologist,  by  studying  rock-masses  on  alaige  scale,  discovers 
simplicity  in  cases  whero  the  lithologist  would  but  eliminate  con- 
fusion. By  a  careful  examination  of  the  rock  tn  sttti,  assisted  by  the 
use  of  his  microscope  and  laboratory,  he  comes  to  the  conclusion  that 
all  the  innumerable  rock-species  of  the  lithologist  do  not  esdst  in 
naturo  as  rocks,  but  aro  mere  subordinate  portions,  altered  in  appear- 
ance or  composition  by  subsequent  influences. 

Such  alterations,  or  transitions  as  they  aro  often  called,  aro  ex- 
tromely  common  at  the  points  of  contact  of  sedimentary  with 
eruptive  rocks ;  thus,  for  example,  a  Millstone  grit  or  Carboniferous 
sandstone  may,  near  the  point  of  contact 'with  an  eruptive  rook,  be 
found  to  be  lithologioally  quartzite,  similar  in  appearance  to  some  of 
even  the  most  ancient  quartzites,  whilst  petrologically  considered,  it 
is  but  sandstone.  Again,  a  micaceous  sandstone  or  a  mica-schist 
bed  may,  at  the  point  of  contact  with  a  felspathic  eruptive  rock, 
become  in  mineral  composition  a  gneiss  from  tiio  absorption  of  fel- 
spar, yot  it  is  not  so  petrologically ;  the  petrologist  does  not  base 
has  opinion  upon  mero  hand-specimens,  unless  in  the  rare  cases 
whero  they  have  been  selected  with  judgment  so  as  to  represent  the 
normal  rock  mass. 

^  Also  v^poy  whence  the  synonym  Petralogj.  In  the,  for  its  time,  Tery  excellent 
^^atise  on  rocks— Pinkerton's  '*  Tetralogy/'  2  toIb.  London,  1811 — the  distinction 
between  Lithology  and  Tetralogy  is  Mly  explained. 
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uiisnjT'L.  iz.ii  T.  ^rinL:yi.al  :^:ai:oi5ciciL  *'si  rocka^  is  in  great  neim 
zzA  \  tie  zis^^^y^  Tnz^Tei  iz.  ra  «ta»*T :  ni  z<si^nl  the  field  gedo- 
rar,  :;i:-t  i2^.-:  ii-:i-*-i  Trri  rc^Bsiacrj.  ia.-i  wiio  mc«t  profadbljliH 
atr-^r  ;:Li:  izj  ir:;r=.-i«  c  r-r^n.  ^:  The  i^rrraice  b«cw«en  petrokg 
isi  I'i  Li'ij  ;!i  *-•!-.  »i=.Tcr"Jii  i  r:«;k  iz  ite  n-^Id  knocks  oiF  iij 
jr  e.T.ic  •n'*r  :7  in.':  ■»z-':ti  zht  fill  laost  conT^enient  tola 
Lirj.:z:7  7  Lz.:  -^^ii*  n  *::  "ie  ±?»2iis  f:r  inaljaa.  Ho«r  far  a  geo- 
I-.'^j-  z.  *:  -rTVri  iz.  iri-^zuscrj  zlij  m  sir«se*|Ti'enrIv  able  to  90^^^ 
r-ur  izl  —1..?-;  -Jirr  rf-^-*  itf  "JzA  »2:iIt52S  r^rOxmei  to  him  by  4b 
:1-T7:_?r.  ia   :T»r-  r:   Tz:"Ljy:  err:  it  ziar  l«  safelv  predicted,  tbl^ 


•cr  ±":n  lir  i^>:~T«:'*:':::z  iz.i  il^cniira  pr>lii!ced  by  atmospheiie 
=:£i-:z;*r*  7  -^TVilTr.!^  :z  kll  nr£k:^r>:k5w  that  hand-speoiiKni 
*..  >.llr:':ri  vtt  z.T  1l£=1t  :■:  -r^rz.  ::r  c.rrecc  represencatiTes  of  the 

Wi^i.  ::  i*  rrrv*^!  ::  niie  a  ohrniical  examination  of  anr  paiti- 
ciliT  r:*:i.  ::  *1:  ili  ztt:  ::  all  w  carerillT  studied  in  the  field,  in 
•:ri=r  cl*:  &  ■rrr-i^;':  Tinizz  ziav  be  r.nned  as  to  the  tme  nature  of 
tie  r:•:k-?-:'5^iz:»^  i'jrrl:.  wlez  cncc-nraminated  or  unchanged  by 
ericriLil  :- f --rz-:*^ :  &  5x^:1=:^^  miv  then  be  taken  which,  in  some 
mtAS-^Tr.  will  rrrrr*^z:  ihr  aotcal  r:ck-mass  on  the  laige  scale^  al- 
tL:z^.  :Li3  is  aric-nl-ri  w::b.  c:-!i5iienble  difficulty  and  t]ft>uble,  un- 
less iS  f .  rr^mitcly  iz  Er. jliz  i  is  generally  the  case^  excavations  or 
qiirrirs  Livr  Liii  'mt-:-  i  :"j>r  ::  ri'ok.  and  so  afforded  facilities  for 
c^Viizizz  :-^  •uii.^rr'i  r>:k  itsei:. 

T:-r  q::i:::::y  r-rjuirc-i  :■:  l-e  Uiken  and  pulverised,  in  order  to 
ob:*il:.  in  ivrr-irr  f.r  anilyfis.  must  entin;-ly  depend  upon  whether 
the  rxk  is  :f  i  tno  :r  cr-irsr  gruneil  texture.  In  the  latter  case,  a 
much  lir^vr  ij-iaiitiry  must  naturally  l-e  employed. 

All  r>:k  ex:»rr.iiiiti i-ns  sLiulJ  include  a  careful  description  of  the 
mim-nd  con<ti:uentji  of  tlie  r«:ck  itself,  which,  if  fine-grained  or  com- 
pact, cin  only  l-e  <-ffecte«i  by  makiug  a  section  and  submitting  it  to 
the  microsC'>i>e.  The  physical  propenies,  as  specific  gravity,  etc., 
should  also  1^  noted,  as  well  as.  of  course,  the  relations  of  the  rock 
\o  the  general  ge-jlogy  of  its  district,  and  the  occurrence  of  any 
accessorv  minerals  disseminated  in  it. 

It  has  Ix-en  considered  necessary  to  lay  great  stress  upon  all  points 
connected  with  the  selection  and  analysis  of  rocks,  for,  if  these  be 
not  attended  to,  the  labour  bestowed  upon  them  may  l>e  regarded  as 
entirely  thrown  away.  It  cannot  but  be  admitted  that  the  possession 
of  a  series  of  accurate  and  trustworthy  analyses  of  rocks  is  of  almost 
vital  importance  to  the  advancement  of  Cliemical  Geology  ;  and  it  is 
sincerely  to  be  hoped  that,  considering  the  backward  state  of  our 
knowledge  of  this  subject  in  England,  some  efforts  will  be  made  to 
remedy  this  defect,  and  so  provide  correct  data  for  advancing  further 
research  into  this  promising  department  of  geology. 
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ITL — ^A.  LaGAKKS.— NOTB  sub  LSS  IIBOSIONS  BEB  OaLOAIBXS  DXNITDfiS 

BX  LA  Valli^  bb  la  Yiz^BS  XT  DX  SX8  Aftluxmts.     Afm. 
d^Agric,  Sci.,  et  Arts,  Dordogne.     (?  1868.)     (Pp.  8.) 

rpHIS  short  paper  treats  of  the  origin  of  the  many  diannels  that 
JL  farrow  horizontally  the  limestones  of  the  Yalley  of  the  Yezire, 
eta  These  channels  have  been  thought  to  be  the  result  of  old  cur- 
rent-action, but  M.  Laganne  shows  ^at  they  have  been  formed  by 
atmospheric  action,  thereby  confirming  the  opinion  of  M.  Lartet, 
and  he  thinks  that  frost  is  the  principal,  if  not  the  only,  agent 
employed. 

The  beds  are  mostly  flat,  but  sometimes  dip  in  the  opposite  direc- 
tion to  the  flow  of  the  neighbouring  stream.  In  this  latter  casCi  if 
there  is  a  bed  susceptible  of  attadc  from  atmospheric  agents,  the 
erosion  of  the  channel  follows  that  bed,  and  is  tlierefore  use  in  an 
opposite  direction  to  the  stream,  whereas  if  the  channel  had  been 
caused  by  current-action,  it  should  clearly  slope  with  the  water-flow. 

The  weathering  away  of  underlying  yielding  beds  has  often  caused 
the  fall  of  large  masses  of  overlying  nrmer  rock,  and  sometimes  in 
places  where  currents  could  not  possibly  have  caused  such  falls. 

A  means  of  measuring  the  rate  of  atmospheric  denudation  in  the 
district  is  given  by  the  occurrence  of  holes  cut  in  the  rock  for  the 
support  of  the  rafters  of  old  buildings  of  known  age  (about  1435), 
which  were  destroyed,  exposing  the  rock  in  which  the  holes  are  cut 
to  be  acted  on  by  the  weather.  Some  of  these  holes  are  in  a  rock 
that  does  not  yield  to  frost,  and  theroforo  aro  well  preserved ;  othera 
however,  were  cut  in  rock  that  weathers  away  more  or  less  readily, 
and  these  have  either  wholly  or  partly  disappeared.  Assuming  that 
all  were  once  of  about  the  same  depth,  as  is  most  likely  to  have  been 
the  case,  the  rate  of  weathering  is  calculated  to  have  been  about 
d-5ths  of  an  inch  in  20  years.  This  is  a  minimum  for  these  rocks,  as 
atmospheric  agents  act  slowly  on  the  bed  in  which  the  above  obser- 
vation was  made. 

The  debris  of  the  limestones  form  a  talus  sometimes  many  metres 
thick,  which,  on  the  current-theory,  should  have  been  carried  away. 

That  the  channels  have  not  been  caused  by  the  chemical  action  of 
water,  the  author  thinks  is  proved  by  the  fact,  that  no  beds  of  a  kind 
that  would  rosult  from  such  decomposition  occur  in  the  district. 
Moreover,  chemical  action  would,  he  thinks,  destroy  the  debris  quicker 
than  the  solid  rock.  [Perhaps  M.  Laganne  undervalues  the  chemical 
action  of  carbonated  water,  which  surely  must  have  had  a  large  share 
in  the  wearing  away  of  these  limestones]. 

Lastly,  the  channels  in  question  occur  at  all  levels,  and  it  is  hard 
to  suppose  that  the  waters  have  been  lowered,  from  the  highest  levels 
of  the  hills  to  {heir  present  level,  so  insensibly  at  to  leave  like  traces 
on  all  parts  of  their  downward  course.  W.  W. 
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IV. — On  the  Light  that  Gsologt  can  throw  oir  soifB  ponriB  ooi* 

NEGTSD  WITH  THE  AnCIENT  HiSTOBT  OV  THE  AXHXNIAHS. 

By  Albbbt  Oaudbt. 

[Det  lumi^ret  que  U  r^lojn^  peat  jeter  but  qaelqnes  points  do  rfaiftoiTO 

des  AthenienA.    Paris,  1867.    pp.  32. 


Eztrait  de  TouTrsge  intitale — "  Animaux  fossilss  et  g6ologie  d0  PAtliiqvt."] 

FOSSIL  bones  were  known  to  the  ancients,  and  tlie  sight  of  theia 
remains  probably  confirmed  their  belief  in  the  fables  of  the 
transformation  of  living  beings  into  stone.  The  Greeks  had|  under 
their  eyes,  instances  of  incrustations  produced  by  the  waters  of  regiooB 
composed  of  marble  or  compact  limestone.  Some  have  thought  that 
the  sight  of  fossil  bones  would  have  been  regarded  by  the  ancients  as 
indications  of  the  former  existence  of  giants  and  other  monsters. 
Since,  however,  it  is  admitted  in  our  countries  that  man  has  been 
contemporaneous  with  several  animals  of  extinct  species,  M.  Gaudiy 
inclines  towards  the  opinion  that  these  legends  relating  to  gigantic 
beings  have  been  based  chiefly  on  the  tradition  of  the  (^niTnal^  Ihat 
have  been  known  in  the  living  state.  And  it  appears  to  him  that 
the  mythological  animals  of  Pikermi  have  been  imagined  from  a 
distant  remembrance  of  living  animals  and  not  from  the  fossil  bones. 

That  fossil  shells  were  known  to  the  ancients  is,  says  M.  Gaudiy, 
without  doubt,  and  this  knowledge,  in  his  belief,  led  them  to  adopt 
certain  names  for  places  in  conformity  with  their  former  configimi- 
tion,  when  a  sight  of  these  shells  led  them  to  such  a  conclusion ;  for 
instance,  Peloponnesus  (Isle  of  Pelops)  was  named  for  a  country 
which  in  our  days  is  no  longer  an  island,  and  probably  because  the 
presence  of  the  marine  shells  in  the  limestones  of  this  isthmus  of 
Corinth  had  revealed  to  them  that  where  the  isthmus  is  placed  to-day 
there  was  formerly  an  arm  of  the  sea  forming  a  separation  between 
Peloponnesus  and  the  rest  of  Greece. 

The  division  of  Greece  into  little  states,  each  possessing  an  inde- 
pendent position  and  maintaining  a  distinct  character,  resulted  from 
the  orographical  disposition  of  the  country. 

Attica  always  had  an  "  ungrateful  soil."  This  agricultural  poverty 
results  from  its  geological  constitution.  Marbles  are  unfavourable 
to  the  development  of  vegetation ;  the  moimtain-chains  where  these 
rocks  predominate  are  distinguished  by  their  nudity,  owing  to  the  dry- 
ness which  is  due  to  the  force  with  which  they  reflect  the  sun's  rays. 
Travellers  who  have  climbed  the  white  marble  moimts  well  know 
the  burning  character  of  these  rocks.  Moreover,  the  vegetable  soil 
gets  cemented  by  the  infiltration  of  water  containing  bi -carbonate  of 
lime. 

Tlie  plains  or  valleys  are  usually  occupied  by  loose  mud  and  frag- 
ments of  rocks  brought  down  by  torrents,  not  consolidated,  so  that 
the  water  sinks  through  and  forms  subterranean  sheets  which  could 
furnish  spring  water. 

Attica  is  well  favoured  for  navigation.  The  isles  of  the  Archi- 
pelago have  contributed  above  all  to  the  prosperity  of  Greece :  they 
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atBy  perbaps,  the  fragments  of  a  TBSt  oontineiit  which  ezLrted  daxing 
the  Miocene  epoch ;  when  phenomena  of  depression  marked  the  com* 
menoement  of  the  Pliocene  epoch,  the  lower  parts  of  the  continent 
were  invaded  by  the  sea  and  the  higher  points  remained  as  idanda. 

The  silver  mines  of  Laurium  are  of  gpreat  antiquity  and  note,  but 
their  mineral  wealth  is  said  to  have  been  loi^^  ago  exhausted. 
Workings  are  now  established  at  Eeratea  to  obtain  uie  metals  left 
in  the  refuse  from  the  ancient  workings. 

The  beautiful  saccharoid  marbles  of  Penielicus  and  Paros  hare 
contributed  in  no  small  d^ree  to  the  prosperity  of  Gkeece.  The 
purity  of  the  marbles  inspired  purity  of  execution.  The  quarries 
dug  by  the  ancients  are  still  to  be  seen,  and  many  fieusts  tend  to  show 
how  particular  they  were,  and  to  what  expense  uiey  must  have  gome 
in  order  to  procure  the  best  stone. 

M.  Gkiudry  concludes  with  a  few  sasthetic  and  religious  sentiments. 

SL  B*  W- 


•JBtSl  V  UEl  W  S. 


I, — Thi  Failure  of  Gsological  Attempts  made  bt  thx  Obxxks 

FBOM  the  EaBLIEST  AgeS   DOWN   TO  THE  SiPOCH  OF  AlEXAMDSK. 

By  Julius  Sohvabgz,  F.G.S.,  President  of  the  Hungarian  Asso- 
ciation for  the  Promotion  of  National  Education,  etc,  eto. 
Eevised  and  Enlarged  Edition.  London :  Trubner  and  Co.  1868. 
pp.  153,  4to. 

DE.  SGHYARCZ  is  well  known  in  Hungary  as  a  scholar  of  no 
mean  pretensions,  and  his  voice  has  long  been  uplifted  in  his 
native  land  in  favour  of  national  education.  He  is  also  deeply 
interested  in  Geology,  and  in  all  questions  connected  with  its  history 
from  the  earliest  times. 

We  are  so  accustomed  to  consider  Oeology  as  the  youngest 
of  all  the  natural  sciences,  that  we  are,  for  the  most  part,  content 
to  date  back  its  pedigree  to  the  days  of  Werner,  Guvier,  Desmarest, 
Button,  PlaytiBiir,  and  William  Smith,  and  to  consider  the  works  nH 
earlier  writers  as  belonging  rather  to  the  mythical  part  of  its 
history—- just  as  the  Irish,  Welsh,  and  Druidical  legends  are  re- 
garded as  compared  with  the  modem  history  of  our  own  country. 

But  the  childhood  of  sciences,  like  that  of  nations,  often  affoids  to 
the  student  and  historian  matter  for  speculation  of  no  mean  interest. 

Thus  we  find  in  the  sacred  books  of  the  Hindoos,  passages,  which, 
though  veiled  in  poetic  or  mystic  language,  seem  to  indicate  con- 
siderable advance  both  in  a  knowledge  of  astronomy  and  physical 
geology. 

The  learned  too  among  the  Chinese  and  Egytians,  cultivated  habite 
of  observation,  and  noted  many  changes  in  the  condition  of  land-  and 
sea-surfaces,  and  other  physical  phenomena,  which  relate  more  or 
less  directly  to  natural  science. 

But  even  in  awarding  to  these,  the  most  favourable  degree  of  me*^*  -^ 
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we  mnst  be  aware  that  tbej  possess  the  "veiy  smallest  poMifale  tifli 
to  be  considered  of  scientific  value.  For  histoiy  affinrds  abimdiit 
proof,  that  even  down  to  a  very  late  period,  the  belief  in  the  sqio- 
natural  so  universaUy  prevailed,  that,  in  almost  every  case,  ohsenri 
facts  were  so  fictitiously  recorded  as  to  be  utterly  valnless  as  matteD 
of  scientific  evidence. 

Dr  Schvarcz  has  certainly  left  no  stone  untamed  in  ardet  to 
complete  his  researches  into  the  state  of  Greological  knowiedp 
amongst  the  early  Greeks.  The  public  libraries  of  Corope  hifB 
been  diligently  searched  and  eveiy  author  consalted,  lest  m 
omission  should  occur  to  mar  the  completeness  of  the  task.  In  1861 
he  published  the  result  of  his  researches  in  the  Hungarian  langnfe^ 
and  afterwards  in  classical  Greek.  In  1862  he  commenced  the  work 
in  English,  and  this  year  he  published  the  present  enlarged  and  re- 
vised edition,  which  is  dedicated  to  Professor  Owen. 

The  six  chapters  contain  (1),  the  views  of  the  Greeks  as  to  tlie 
etiology  of  volcanic  agency ;  (2),  as  to  the  physical  changes  now 
taking  place  in  the  earth ;  (3),  as  to  the  changes  taking  place  in  the 
organic  world;  (4),  the  physical  formation  of  our  earth  as  understood 
by  the  Greeks ;  (5),  their  notions  as  to  the  origin  of  the  animal  and 
vegetable  kingdoms;  and  how  far  fossils  attracted  their  attention;  (6), 
in  the  sixth  chapter,  the  author  re^dews  the  amount  of  knowledge  of 
the  natural  sciences  really  arrived  at  by  the  Greeks,  and  their  social, 
political,  and  religious  condition  as  a  nation,  which  he  considers 
would  naturally  have  so  great  an  infiueuce  on  the  success  or  failure 
of  the  scientific  attainments  of  any  nation. 

Dr.  Schvarcz  has  arrived  at  the  following  results,  as  expressed  in 
his  six  chapters— (1)  The  Greeks  were  acquainted  with  all  four 
classes  of  volcanic  action,  earthquakes,  thermal  springs,  solfataros 
volcanos  proper :  he  notices  all  the  authors  who  have  observed  and 
described  their  phenomena  and  the  theories  which  were  propounded 
to  explain  them.  (2)  Tlio  Greeks  also  observed  and  investigated 
the  phenomena  of  alluvial  activity.  (3)  The  changes  tcJcing  place 
in  the  organic  world  did  not  form  a  part  of  the  study  of  the  Greeks, 
for  they  had  arrived  at  no  idea  of  a  **  genus"  or  "  species,"  nor  even 
of  the  distinctions  of  Animal  and  Vegetable  Kingdoms.  The  whole 
life  of  the  universe  appeared  to  them  as  the  life  of  an  organism, 
ever  fluctuating  without  any  such  pivots  as  the  divisions  and  sub- 
divisions of  our  modem  zoological  and  botanical  classifications. 
Their  idea  of  the  origin  of  animals  was  that  genesis  was  not  yet 
finished,  but  was  going  on  in  the  days  of  Pericles,  even  in  the  formation 
of  new  stars.  (4)  They  knew  and  understood  the  real  organic  origin 
of  fossils ;  it  was  only  in  the  time  of  Aristotle  that  such  remains 
were  attributed  to  "  peculiar  species  of  animals  living  underground." 
(5)  The  doctrine  of  the  gradual  degeneration  of  mankind,  com- 
mon to  most  Greek  sages,  may  have  originated  from  the  misinterpre- 
tation of  the  huge  fossil  skeletons  of  Pacliyderms,  discovered  in 
Greece,  and  held  to  be  the  remains  of  men  of  gigantic  size.  (6) 
Perhaps  the  highest  idea  which  seems  to  have  been  actually  arrived 
at  by  Aristarchus  in  the  third  century  before  Christ — if  not  at  a  far 
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earlier,  i.e.  Babylonian  period^ — was  the  Heliocentric  idea,  that 
**  those  stars  which  do  not  err,  and  the  sun,  remain  immovably  at 
rest ;"  and  that  "  in  the  circumference  (orbit)  of  a  circle  the  earth  is 
moving  around  the  sun,  the  latter  being  placed  in  the  centre  of  the 
orbit."  To  this  interesting  question  Dr.  Schvarcz  devotes  seventeen 
pages  of  his  very  copious  Appendix  citing  all  the  authorities  who 
nave  investigated  the  subject.  He  condemns  those  authors  of  the 
short-chronology  school  of  Meiners  who  assert  that  amongst  all  the 
sciences  of  the  earth  that  of  the  Greeks  is  the  oldest,  and  he  vigour- 
ously  supports  long-chronology  and  the  researches  of  Dr.  Chwolson 
in  Babylonian  literature. 

It  appears  that  in  deciphering  a  most  ancient  work  on  Nabathean 
Agriculture  the  St  Petersburg  Professor  has  not  only  found  records 
of  several  stages  of  Babylonian  civilization,  which  agree  with  other 
contemporary  long-chronology  data,  but  also  evidence  of  a  Baby- 
lonian astronomer,  Gardana,  who  had  actually  calculated  lunar  tables 
as  early  as  2,500  B.C.,  Babylon  itself  being  a  mighty,  luxurious, 
well-organized  monarchy,  boasting  of  its  own  generals,  astronomers, 
statesmen,  and  sects  of  philosophers  as  early  as  coevally  with 
Dewanai,  or  3,000  b.o.  I 

In  resisting  the  short-chronology  arguments.  Dr.  Schvarcz  con- 
cludes, **We  can  no  longer  submit  to  such  coercive  reaction 
(restriction  ?)  whilst  we  behold  the  fossils  of  Engis,  Neanderthal, 
Bruniquel,  Abbeville,  and  the  human  remains  of  St.  Prest  coeval 
with  the  fauna  of  Elephas  mertdionalia  itself"  (p.  95). 

The  Notes  at  the  end  of  the  Appendix  render  it  easy  for  the 
scholar  to  refer  to  the  original  authors  for  every  extract  given. 

Although  the  Geologist  is  ever  and  anon  interested  by  finding  a 
theory  only  propounded  in  geological  science  yesterday,'  here  re- 
ferred back  to  the  observations  of  Strato,  the  natural  philosopher, 
and  Xanthus  the  Lydian,  <&c.,  yet  we  still  think,  as  already  stated, 
that  it  is  to  the  scholar  and  historian,  far  more  than  to  the  geologist 
this  work  commends  itself. 

We  cannot,  however,  conclude  this  notice  without  expressing  our 
admiration  for  the  author's  linguistical  and  scholarly  powers  ;  some 
passages,  especially  in  Chapter  VI.,  being  admirably  rendered,  and 
equalling  in  style  the  best  English  composition. 

^  It  appears  that  Strabo  asserted  that  Seleucus,  the  demonstrator  of  the  heliocentric 
idea,  was  a  Babylonian,  and  that  the  name  of  Pitagura  (Pytha^raB)  has  been  dis- 
coTered  by  Dr.  Oppert,  in  cimeiform  characters,  on  an  Assyrian  inscription. 

*  It  behoves  our  gallant  countryman,  Col.  George  Greenwood,  to  look  to  his 
laurels,  for,  if  we  mistake  not,  the  Geographer  Strabo,  1800  years  ago,  ^or  even 
Strato  three  centuries  earlier)  established  most  satisfactorily  the  doctrine  of  "  Rain 
and  Rivers!"  The  shallowing  of  the  Euxine  was  attributed  by  Strato  to  "the 
numerous  large  rivers  which  pour  into  it  from  the  east  and  north,  and  by  degrees  fill 
it  up  with  semment"  (p.  98) ;  whilst  Strabo  observes  (p.  101)  "it  is  clear  that  all 
the  sediment  carried  down  by  the  rivers  into  the  sea  cannot  remain  in  it"  (in  a  state 
of  suspension),  but  must  be  thrown  out,  and  join  the  base  of  the  coast-line.  It  there- 
fore accumulates,  by  degrees,  in  the  depth  of  the  shore  and  forms  a  low  tract  of 
land."  Other  passages  also  prove  that  Strabo  quite  undentood  how  the  delta  of  the 
Kile  and  other  large  rivers  had  been  formed. 
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n. — On  Xenacanthus  (Ortbacanthus)  Dmomjooi,  Qouhmu&l 

By  Profesflor  Kfbb,  of  ^emim. 

Eeriowed  by  Dr.  Christian  LI'tken,  Aasistaiit  Zoologist  in  the  ICweoB  d  ii 

Uniyenity  of  Copenhagen. 

AMONG  the  many  valuable  papers  by  Profenor  Kner,  on  Bcenk 
and  Fossil  Fishes/  the  one  before  us  deserves  the  paiticiltf 
attention  of  palseontologista,  as  giving  the  fint  complete  eludditiai 
of  a  remarkable  type  of  fossil  fishes,  which  had  been  hitherto^  to  i 
great  degree,  misunderstood.  Prof.  Ener  first  g^ves  an  abstnMi  of 
the  history  of  bis  subject  The  genera  OrduLcanikfiM  and  PUtn- 
eanihuB  were  founded  80  years  ago  (1887),  on  isolated  "  ichthyodo* 
rulites"  from  the. British  Carboniferous  System,  by  AgasBiB,  tnd 
were  erroneously  regarded  as  the  first  indications  of  the  existence  of 
Skates  on  our  planet  They  were  found  in  various  localitieB  in  Omi 
Britain  (Dudley,  Leeds,  North  Wales,  Carluke,  and  Edinburgh); 
and  subsequently  three  other  species  were  described  by  Dr.  New- 
berry, from  the  Carboniferous  formation  of  Ohio.  A  sin^alar  Ions 
of  teeth,  considered  as  those  of  a  peculiar  genus  of  Sharks,  Diploim, 
Ag.,  was  at  the  same  time  found  in  the  Carboniferous  slates  of 
England  (Stafford,  Carluke,  Burdiehouse),  and  in  Nova  Scotia.  Ten 
years  later  (1847),  Goldfuss  described  and  figured*  a  rather  well 
preserved  impression  of  the  fish  itself  from  Ruppelsdorf,  in  Bohemia, 
while  Beyrich  (1848),  published  an  account  of  the  oounter-part  of 
the  same  specimen,'  but  named  it  Xenacanthut  Dechenii,  and  Dr. 
Jordan  (1849)  described  some  remains  of  the  same  type  from 
Lcbacb,  near  Saarbiick,  as  those  of  a  fossil  shark,  called  Triodus 
sesailis,*^  The  identity  of  this  last  genus  with  Xenacanthua  was 
pointed  out  by  Mr.  Schnur.* 

Meanwhile  Sir  Philip  do  11,  Grey  Egerton,  Bart,  had  pro- 
nounced the  generic  identity  of  Plevracanthus  and  Diplodus  (Brit 
Assoc.  Glasgow,  1855),  and  soon  after  (1857,  Annals,  vol.  xx.),  having 
examined  several  fine  specimens  from  Klein-Neundorf,  in  Silesia, 
he  was  able  to  announce  that  the  spines  of  Xenacanthus  did  not  differ 
generically  from  these  termed  Pleuracanihus,     Up  to  this  time,  how- 

^  Encr  u.  Ileckcl.    Ncne  Beitrai^  zur  Kcnntnias  der  fossilen  Fische,  Osterriw^ 
1861.     (Denkschriften  d.  Wiener  Akademie). 
Kner  u.  Sttindachner.    Neue  Beitrage  z.  K.  d.  f.  F.,  0.     1863.     (ibid). 
Kner.    Ueber  einigc  Fossilc  Fische  aus  den  Kricde-und  Tertiaer  schichten  Tcm 
Coman  u.  Poduscd.     1863.     fWiener  Sitzungberichte). 

Kleinere  Beitrage  z.  K.  d.  f.  F.,  O.     {ibid),     1862. 

Die  Fossilen  Fische  der  Asphaltschiefer  von  Seefeld  in  Tirol,  1866.   (ihitFj, 

Die  Fische  der  bituminosen  Schiefer  v.  Roibl  in  Kamlhen.    1866.  \ikid,) 

Neucr  Beitrage  z.  K.  d.  f.  F.  von  Coman  b.  Gorg.,  1867.     (ibid). 

Nachtrag.  zur  der  fossilen  Fischeu  von  Raibl.     1867.     {ibid.) 

Uebor  (Mhacanthus  Dechenii^  Goldf.,  od«r  Xenacanthus  Dechnii,  Beyr., 

1867.     {ibid). 

*  Beitrage  z.  Fauna  d.  rheinischen  Steinkohle. 
>  Monatsbcrichtc  d.  Ak.  d.  W.  Berlin. 

*  Leonhard  u.  Bronn.  Jahrbuch,  etc.,  p.  843. 

^  Zcitschriit  d.  deutschen  Geologischen  GcsellBcbaft,  viii.,  1856. 
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ever,  the  fish  was  prinoipallj  known  from  BeyricH's  description, 
and  was  commonly  held  to  be  a  shark  related  to  the  recent  SqucUina, 

In  1861  Dr.  G«initz  gave  a  new  description  and  a  beautiful  figure 
of  it  (natural  size),  in  his  excellent  work  on  the  "  Dyas  "  (pp.  22, 
23,  f.  1).  The  discovery,  that  a  remarkable  disc-like  body,  often 
aooompanying  the  fossil  fish,  was  formed  of  the  coalesced  Tcntral 
fins,  transformed  into  a  sort  of  sucking-disc,  induced  this  author  to 
place  it  (with  Reichenbach)  in  the  vicinity  of  the  DiicohoU  (Cydop- 
terines),  rather  than  in  that  of  the  Flaeoidei. 

Our  author  then  proceeds  to  describe  in  detail  the  various  specimens 
entrusted  to  his  examination  by  the  Museums  of  Dresden,  Berlin, 
Breslau,  and  Vienna,  and  some  private  gentlemen  (Dr.  Weiss  and 
Dr  Jordan)  at  Saarbruck,  forming  together  a  much  richer  series  of 
specimens  for  the  investigation  of  this  curious  Permian  genus,  than 
any  of  its  previous  observers  had  before  them.  This  descriptive  por- 
tion of  Professor  Ener's  memoir  is  accompanied  by  ten  lithographic 
plates.  It  is  hardly  possible  to  give  an  abstract  of  it,  nor  is  it  neces- 
aary,  as  we  may  learn  from  the  general  sketch  given  below,  of  the 
whole  organisation  of  the  animal,  in  which  the  author  has  himself 
oondensed  all  the  most  essential  results  of  the  preceding  elaborate 
description.  If  I  add  that  it  is  no  easy  task  to  follow  the  author 
through  his  detailed  account  of  all  the  more  or  less  fragmentary  and 
often  indistinct  and  dubious  specimens,  and  that  the  figures  do  not 
always  aid  the  understanding  of  the  text,  so  well  as  might  have  been 
expected,  this  is  not  intended  as  a  reproof;  I  fully  understand  how 
very  difficult  their  interpretation  and  figuring  in  many  instances 
must  have  been. 

"  The  general  form  of  the  body  was  elongated,  the  head  broad, 
rather  depressed,  the  snout  broadly  rounded,  the  mandible  some- 
what prominent,  the  mouth  closely  beset  with  rows  of  pointed  teeth 
on  the  inter-,  supra-,  and  infra-maxillaries,  the  palatine  and  pharyngeal 
bones.  Most  of  the  teeth  were  three-pointed,  with  a  short  median 
point  and  two  longer  diverging  lateral  ones  that  arose  from  the 
posterior  border  of  the  base,  and  during  repose  were  laid  down  in 
such  a  manner  that  only  this  basilar  portion  stood  forward.  They 
were  hollow  from  the  base  towards  the  points,  and  therefore  easily 
broken ;  some  had  a  smooth,  others  a  furrowed  surface.  In  the 
lateral  parts  of  the  jaws  they  were  arranged  in  28-29  rows  of  6f8  in 
each  transversely;  on  the  inter-maxillary  they  formed  4  rows  of 
6-8  in  each.  Beside  the  tricuspidate  teeth,  &ere  were  perhaps 
some  with  one  point  only, — ^we  suspect  that  on  the  pharyngeal 
bones  there  were  also  others  with  two  and  four  points,  or  even  five 
and  six  I  The  osseous  palatine  arch  appears  to  have  formed,  as  in 
sharks,  a  simple  maxillary  suspensorium  connected  with  the  mandi- 
ble. The  existence  and  position  of  the  eyes  cannot  be  fully  stated, 
but  it  is  certain  that  four  or  five  branchial  arches  were  present, 
armed  with  a  few  long  rake-shaped  teeth :  and  in  the  front  of  these 
arches  numerous  thin  branchiostegal  rays  were  attached  to  the  distal 
end  of  two  large  bones,  answering  to  the  comua  hyoidea.  The 
connexion  between   the  branchial   apparatus   and    the    shoulder- 
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girdle  is  similar  to  that  in  the  sharks;  the  scapular  srck  is  boI 
attached  to  the  occiput,  but  lies  further  back,  as  in  Ohamdroptm  lad 
eels,  without  any  immediate  connexion  with  the  vertebra^ — ^ 
neurapophyses  of  eight  YertebnB  lying  between  it  and  the  beii 
There  is  no  vestige  of  an  opercular  apparatus.  The  scapular  aiak 
is  formed  of  at  least  three  separate  portions, — supra-scapala»  BCSfolt, 
and  clavioula.  The  inferior  triangular  pharyngeal  bone  is  sm^^ 
and  like  the  two  superior  separate  ones  they  are  closely  conM 
with  teeth  of  the  same  kind  as  those  of  the  jaws ;  its  posterior  end 
lies  directly  before  the  scapular  arch.  From  the  oocipat  ansei  a 
straight-pointed  occipital  spme,  without  any  basal  articalation,  some- 
what depressed  at  the  base,  rounded  towards  the  point,  and  senafced 
on  both  its  lateral  margins.  The  simple-rayed  dorsal  fin  begini 
before  the  point  of  tliis  spine  (which  is  always  laid  down  in  a  back- 
ward direction),  and  not  only  runs  along  the  whole  back  to  the 
point  of  the  long  compressed,  and  rather  attenuated  tail,  but  is  also 
continued  on  the  ventral  side  of  the  body  towards  the  few-rayed 
anal  fin.  The  pectorals  are  inserted  at  the  angles  of  the  scapular 
arch,  and  begin  witli  some  rather  long,  broad,  bony  plates,  and  a 
long  multi-articulate  carpal  bone,  to  which  were  affixed  several 
oblique,  thin,  long  rays,  continued  by  filamentous  fibres,  thus  re- 
calling the  pectorals  of  the  sharks  but  not  specially  those  of  SqusMna, 
The  anal  fin  is  also  distinguished  by  a  strong  dichotomous  carpal  ray. 
The  ventral  fins  are  always  situated  at,  or  behind,  the  centre  of  the 
body,  and  supported  by  triangular  pelvic  bones.  In  some  specimens 
they  are  coalesced  into  a  ventral  disc,  and  provided  inside  and  behind 
with  tubiforra  (or  half-tubiform)  clasping  appendages,  others  are 
without  these,  and  are  separate  firom  each  other.  The  vertebral 
column  runs  in  a  straight  line  to  its  extremity,  and  is  composed  of 
numerous  vertebral  elements,  superior  and  inferior  arches  with 
spinous  processes,  and  bearing  thin  ribs  on  the  anterior  arches ;  the 
dorsal  fin  is  supported  by  a  double  (superior  and  inferior)  row  of 
hollow  interspinous  and  dichotomous  accessory  interspinal  bones 
(syropophyses,  Ag. )  articulating  with  each  other,  and  with  the  fin- 
rays  by  true  articulations.  The  vertebral  bodies  were  nowhere  truly 
developed,  and  failed  in  the  caudal  region  altogether.  The  skeleton 
was  probably  mostly  cartilaginous,  as  demonstrated  by  the  distinct 
impression  of  the  outer  mosaic-shaped  (tessellated)  bony  crust,  quite 
similar  to  that  of  the  living  Chondropteri,  The  dermsd  covering  in 
other  examples  consisted  of  a  granular  shagreen,  composed  of  very 
small  enamelled  scales." 

For  several  reasons  (especially  the  difference  of  the  teeth,  which 
are  smooth  in  some,  furrowed  in  others,  the  different  length,  shape, 
and  armature  of  the  occipital  spine,  the  dermal  covering,  etc  ),  the 
author  is  inclined  to  assume  the  existence  of  more  than  one  species 
under  the  collective  name  of  X.  Dechenif  (the  species  from  Lebach 
might  perhaps  be  distinct  from  that  of  Rakowitz). 

The  difference  in  the  structure  of  the  ventral  fins,  Professor  Kner 
most  ingeniously  interprets  (and  herein  I  heartily  agree  with  him), 
as  a  sexual  difference,  the  ventral  disc  with  its  clasping  appendages 
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liot  being  a  trae  sncking-disc,  as  in  Uie  CffdofUri^  but  a  male  oopa- 
lative  organ.  That  the  Xenaeaniki  fed  upon  their  weaker  oontem- 
poraries  the  Aeanthodes,  is  evidenoed  by  the  discovery  of  spines  and 
other  remains  of  this  genus  within  the  body  of  the  former.  As  to  its 
geological  position,  it  is  characteristic  of  the  "  Kothliegende  "  of  the 
Permian  system,  and  our  aathor  thinks  that  the  strata  in  England 
and  North  America  containii^  teeth  of  DiplodMM  and  spines  of  Plewra- 
canthus,  ought,  perhaps,  on  closer  examination,  also  to  be  referred  to 
the  same  system,  and  not  to  the  Carboniferous. 

In  summing  up  the  characters  of  this  peculiar  palsdiohthyic  type 
with  the  view  of  determining  its  zoological  affinities  and  systematic 
position,  we  should,  with  Dr  Kner,  distinguish  between  those  which 
it  has  in  common  with  modem  Chondropterous  (Placoid)  fishes;  for 
instance,  the  mosaic  or  tessellated  coYering  of  the  dseleton,  the  absence 
of  operqular  bones,  the  position  of  the  shoulder-girdle,  the  single  un- 
divided suspensorium  of  the  jaw,  the  articulation  of  the  upper  jaw 
on  the  lower,  the  dermal  covering,  etc.,  all  which  of  course  would 
indicate  the  necessity  of  an  arrangement,  by  which  the  PleurcLeanthi 
would  be  placed  among  the  Chondropterif  in  the  vicinity  of  the  sharks. 
On  the  other  hand,  there  are  characters  which  contradict  this  position, 
and  which  remind  us  rather  of  the  true  osseous  fishes ;  for  instance, 
the  dorsal  fin-rays,  the  double  row  of  interspinal  bones,  the  toothed 
inter- maxillary,  palatine,  pharyngeal,  and  branchial  arches,  the  tri- 
partite shoulder-girdle  and  the  branchiostegal  rays.  Professor  Kner 
thinks  these  latter  arguments  so  heavy  that  the  balance  inclines 
towards  the  Tehosieiy  especially  the  Siluri,  rather  than  towards  the 
Chondropteri,  but  that  Xenacanihus  was  nevertheless  an  intermediate 
form  partaking  of  the  characters  of  each.  We  must  confess,  how- 
ever, that  the  analogies  with  the  "  Sheet  "-fishes  (Flat-fishes) 
pointed  out  by  the  author ;  as  for  instance,  the  lengthened  body,  the 
broad  terminal  mouth,  the  shagreen  covering  of  the  head,,  recalling 
the  **  helm  "  of  Ba^rus,  the  straight  and  toothed  dorsal  spine  (com- 
pressed, however,  and  serrated  before  and  behind  in  the  •*  Sheet  "- 
fishes,  depressed  £Lnd  serrated  laterally  in  XenacanihuSf  as  pointed  out 
by  the  author  himself,  the  long  many-rayed  dorsal  fin,  continued  to 
or  around  the  long  attenuated  tail ;  the  appendages  of  the  ventral  fins 
in  the  males  (recalling,  however,  much  more  these  of  the  sharks,) 
appear  to  us  to  be  only  vague  analogies  rather  than  evidences  of 
affinity.  Even  if  Xenacanthus^  differed  from  the  Chondropteri  in  all 
the  above-named  parts  of  its  organisation,  and  for  some  of  them  we 
must  entirely  rely  on  the  sagacity  and  accuracy  of  the  author,  (his 
figures  not  always  giving  convincing  proof  or  the  means  of  checking 
his  evidence,)  while  others,  for  instance  the  branchiostegal  rays  may 
be  found  in  Chimaeroids.  I  should  think  that  Xenacanthus  differed 
after  all  not  much  more  from  the  typical  ChondropUri  (viz.,  the 
Flagiostmi  (Skates  and  Sharks),  though  in  a  different  manner  and  in 
another  direction,  than  does  e.  g,  the  Chiitutra,  which  is  nevertheless 
commonly  and  duly  regarded  as  a  true  Placoid,  closely  related  to 
Sharks.  Might  we,  perhaps,  not  come  nearest  to  the  truth  by  estab- 
lishing in  the  order  of  ChondropUri  a  peculiar  tribe  or  sub-order  for 
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pvia-j  -.f  7»Li&..iucir'  V£cv«<zi  iL«  Luc-QKned  tril»  and  anoAer  trp^ 

ftr:rx<i.  t^rtacM  tcr-j  ir»  c<ac  ftrrkZ!^<>d  wrik  the  CW^bnifivi  fll 
to^  Fl^svA^fnttitMl  A:  kMt  I  w:*i:-i  noc  adrue  ocbar  mtnifirtirf 
tl^  I>krarii.L%D  K^oL  t>:  wsiidi  Profeflsor  Kaer  eridoitlT'  bebagi^ti 
baili  V.o  SLinj  d^T-ekpci«:ii7*I  LrpcdKses  on  da»«oiM€wb«t  doilpcM 
^  /'rot^-Si^vrvj."  I  r'rAT  *Jk<Te  u  ]!•?€  scraigth  oioi^gii  in  its  iMcktl 
mpp'^rr  tbem !  WUclHrv^r  c-ifiiziit-fi  as  to  hs  tj  it  i  ■iifii  pi^'M-  te 
nldmar^^XT  wiopted.  tbe  actbir'a  mentt  are  not  tkerebj  dunmidwd;  ki 
Ilm  eerteialj  fiQ-!^  ap  a  Litberto  Terr  long-felt  Tacaacy.  and  Fd»> 
icfatfavolo^  hatf  made  a  p<»inT»  adrance  in  the  pablkatkn  cf 
Pr^f««v>r  Kner's  paper  on  Xemammikm  IktAem^  not  on  any  aooooat 
to  be  andernued.  and  we  heartilT  recommend  h  to  die  attentioB  of 
Zoologiata,  PabBOBU>logist«,  and  Geologuta. 


nL — Leo.vbabb  u»  GEiyrrx's  "  Neuks  Jabxbuch  rum  MniBRALtMsaa» 
Os^/LfjeiK,  t'ND  PAiJkosTOLDcn."    Jahigang,  1867.    Hefte  I-V. 

flltjJS  excellent  monthly  periodical  of  Geology  and  Minenkgy 
.1  well  sapportB  the  repatadon  it  has  kmg  pooscaacd  m 
Leonhard  and  Bronn's  Jahrbuch.  The  original  articles  are  well 
aelected,  always  of  considerable  interest  and  often  of  great  yalae; 
the  l';tter»  to  the  Editora,  with  news  of  fresh  discoveries  in  fossils, 
minerals,  and  geological  research,  are  always  worth  looking  at ;  the 
catalogne  of  new  books,  with  a  notice  of  the  geological  contents  of 
peri^Klir^als,  is  an  important  bibliographic  feature ;  and  the  numerous 
cmcise  and  careful  al/stracts  of  books,  pamphlets,  and  papers,  classi- 
iie^l  under  Mineralogy,  Geology,  and  Palaeontology  are  always 
acceptable  io  those  who  wish  to  know  what  is  being  thought, 
written,  and  done  in  these  branches  of  science. 

The  five  Numbers  for  the  earlier  portion  of  1867,  now  before  us, 
supply  a  fair  sample  of  the  result  of  researches  carried  on  by  our 
German  brethren.  For  Mineralogy,  we  have  KenngoU  treating  of 
Natrolite  (p.  77),  and  on  the  alkaline  re«iction  of  several  minerals 
(pp.  302-813  and  429-441):  zeolites,  talc,  fels  pars,  augite,  mica, 
spinel,  olivine,  cclestine,  chlorite,  tourmidine,  epidote,  etc. ;  0. 
Werner  on  the  significance  of  the  contours  of  crystal  faces,  and  th^ 
roforenco  to  the  relations  of  symmetry  in  the  crystallographic 
systomR  (p.  129) ;  at  p.  1<59  JJehe  gives  the  particulars  of  a  metallio 
mineral  from  Atacama,  consisting  chiefly  of  iodine  and  lead.  This 
**  Joilblei "  gave,  on  analysis, — 


Antimony • 0.77 

('iirlK)nic  Aeid 0.31 

Svlphato  of  Load 5.61 

Chlorine   2.91 


Iodine 17.01 

Lead 78.01 

99.62 


Its  origin  is  suggested  as  having  been  due,  first  to  the  oxidization  of 
galena,  followed  by  decomposition  and  rearrangement,  arising  from 
the  action  of  alksdine  mineral  waters  carrying  iodine.     To  those 
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geologists  in  particular,  who  are  looking  for  distinctive  characters 
in  the  metamorphosed  Laurentian  and  other  old  formations,  69^.' 
Jensch  ofifers  some  facts  of  interest  in  his  paper  on  "  Garnet,  as  an 
essential  component  of  the  Gneiss  and  Gneissite  of  the  Saxon 
Erzgebirge"  (p.  165,  etc.).  In  the  true  ''  gneiss  "  of  those  mountains 
("  the  older  and  normal  grey  gneiss  "  of  Miiller),  he  finds  dark  mica, 
albite  (tetartine),  oligoclase,  and  rutile  (66  per  cent,  of  silica) ;  in 
the  "  oligoclase-gneissite  "  (Miiller's  "  younger  grey  gneiss  ")  he  has 
dark  mica,  oligoclase  and  rutile  (65  per  cent  of  silica) ;  in  the 
•*  tetartine-gneissite  "  (MUller's  "  red  gneiss  ")  he  has  clear  mica  and 
albite  (tetartine),  (76  per  cent,  of  silica) ;  in  the  "granulite,"  there 
are  clear  mica  and  probably  oligoclase  (75  per  cent,  of  silica). 
jP.  SandberyeVf  at  p.  171,  offers  some  remarks  supplemental  to  his 
paper  on  **  Oli vine-rock."  B,  Blum  describes  some  curious  drusic 
concretions  from  the  Bunter  Sandstone,  near  Heidelberg,  in  which 
the  crystalloids  have  the  form  of  Calcite  crystals,  but  contain  none 
of  that  substance  (pp.  320,  etc.).  E.  Stdhr  describes,  at  large 
(pp.  403,  etc.),  the  nature,  mode  of  occurrence,  and  distribution  of 
Kenngott's  Pyropissite  or  Waxcoal,  which  is  found  in  the  Brownooal 
Formation,  near  Weissenfels.  H.  Credner  (pp.  442,  etc.)  gives  an 
account  of  some  interesting  paragenetio  occurrences  of  gold  in 
Georgia:  1.  With  garnet  and  tetradymite  in  chlorite-sdiist;  2.  With 
tetradymite  in  homblendic  gneiss ;  3.  (crystalline)  with  mispickel, 
skorodite,  and  pharmacosiderite  in  talcschist ;  4.  With  iron 
pyrites  and  limonite  in  quartz.  H,  Fleck  (pp.  291,  etc.)  treats 
of  the  chemical  changes  in  the  process  of  fossilization.  At  pp.  325, 
etc.,  G.  W,  C.  Fuchs  describes  the  volcanic  phenomena  and  rocks  of 
Santorin.  Schafh&utl  supplies  an  additional  essay  on  the  rocks  -and 
fossils  of  the  Bavarian  Alps  (pp.  257,  etc.),  with  three  outlines  of 
of  mountain-crests,  and  a  plate  of  fossils.  One  of  these  ("Diplopora," 
probably  a  little  Dactyloporat  as  Eeuss  has  shown)  was  obtained 
from  a  morsel  of  Muschelkalk  (?)  brought  from  the  highest  point  of 
the  Zugspitze.  Fr,  A.  FaUou^a  paper  on  the  "  Loess  of  Salony  " 
(pp.  143,  etc.)  is  of  much  interest  A.  Stehmer^a  translation  of  F. 
Johnstrup^a  valuable  memoir  on  the  formation  and  subsequent  modi- 
fications of  the  Chalk  of  Faxoe  (pp.  543,  etc.)  supplies  German 
readers  with  information,  not  long  since  published  in  Denmark, 
about  the  Northern  Chalk,  which  English  readers  also  should 
have  at  command.  The  stratification  of  the  Brown  and  the  Black 
Jura  in  the  Klettgau,  between  the  Rhine  and  the  Wutach,  is  given 
in  detail  at  pp.  39,  etc.,  by  L,  Wiiritenberger  ;  and  the  age  of  the 
limestone  of  the  "  Porte-de-France,"  near  Grenoble,  is  discussed  by 
E.  W.  Benecke  at  pp.  60,  etc.,  the  upper  limestone  being  referred  by 
him  to  Oppel's  '*  Tithonic  "  zone,  and  the  lower  to  the  Kimmeridgian. 
Permian  rocks,  ores,  and  fossils  receive  attention  from  Sireng 
(p.  513),  O.  Wiirttenherger  (p.  10),  Oetnitz  (p.  288),  and  Schmidt 
(p.  576) ;  and  Geinitz  also  gives  an  account  of  the  Carboniferoui 
Flora  of  Portugal,  as  described  by  B.  A.  Gomea  (pp.  273,  etc.)  ;  and 
he  figures  and  describes  his  Trybliocrinua  Flatheanua  from  the  Car- 
boniferous rocks  of  the  Asturias;  his  Dielyophyton  Liebeanum  (f) 
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from  the  Gulmsoliiefer,  between  Oei«  and  Weyda ;  and  his  Tn§tm- 
earpiu  (f )  Baetieri  from  the  Lower  Permian,  near  BzimnaiL 

T.  K  J. 


Qkologioal  Socibtt  of  London. — ^L  TRb^  20th,  1868. — 1-  "(h 
the  Eruption  of  the  Eaimeni  of  Santorin."  By  Dr.  J.  SohmUt 
Communicated  by  Sir  B.  L  Murdhiaon,  Bart,  K.C.B.y  F.Bi% 
V.P.G.S.,  <feo. 

The  eruption  to  which  this  paper  referred  conunenoed  in  JaiiWT 
1866,  and  continued  iminterruptedly  up  to  the  close  of  the  year  1867. 
Probably  years  may  elapse  before  the  volcanic  energy  baa  died  out 

The  eruption  of  tho  Nea-Eaimeni  originated  on  the  aoath  side  of 
the  island,  and  extended  towards  the  west  The  tendency  of  di» 
lava  current  was  southwards,  and  the  extension,  after  about  two 
years,  was  from  1200  to  1400  yards,  and  1800  yards  from  east  to 
west  On  account  of  the  great  depth  of  tiie  water  and  the  oontinoal 
access  of  the  open  sea,  the  temperature  of  the  water  lias  not  be» 
remarkably  elevated,  varying  from  77^  to  122°  F.  The  old  Georgs 
harbour  has  been  greatly  improved  by  the  upheaval  of  the  southm 
and  western  sides,  while  the  channel  between  Nea  and  Micra  Kai- 
meni  has  been  shcdlowed,  so  as  to  be  passable  only  for  boata. 

The  author  then  described  the  George  volcano,  and  stated  that 
an  eruption  of  stones  and  ashes,  accompanied  generally  with  sharp 
explosions,  took  place  about  every  seven  minutes.  Immediately 
after  these  stone-snowors,  hissing  columns  of  white  steam  succeeded, 
and  these  were  followed  by  faint-yellow  noiseless  issues  from  the 
central  fumerole.  None  of  the  stones  were  thrown  more  than  400 
feet  above  the  water.  It  is  impossible  to  predict  anything  with 
regard  to  the  cessation  of  the  eruption,  although  it  has  diminished 
in  intensity  since  1866. 

DisoussiON. — Capt.  Spratt  pointed  out  that  this  was  only  one  of 
the  many  peaks  in  the  large  crater  of  Santorin  which  have  risen  up 
since  the  historical  period.  In  the  position  in  which  he  had  anchored 
but  six  or  seven  years  ago  there  is  now  a  hUl  upwards  of  300  feet 
in  height. 

Sir  Boderiok  Murchison  referred  to  the  communications  to  the 
French  Academy  relative  to  the  chemical  products  of  the  eruption, 
and  their  relation  to  those  of  Vesuvius  and  other  volcanoes. 

Mr.  Forbes  directed  attention  to  the  fact  alluded  to  in  the  late 
President's  anniversary  address,  that  the  lavas  of  this  volcanic  out- 
burst were,  at  its  commencement,  trachytes,  or  of  highly  silicated 
character,  but  afterwards  were  basic  lavas  ;  thus  proving  that  rocks 
of  totally  different  characters  and  chemical  composition  (respec- 
tively analogous  to  the  granitic  and  trappean  rocks  of  former  periods) 
might  proceed  from  a  volcanic  focus  during  an  eruption. 

Prof.  Ansted  called  attention  to  the  probable  connexion  of  the 
eruptions  in  these  islands  and  those  of  Vesuvius  and  Etna»  and 
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xnentioiied  that  Baron  von  Waltershausen  had  presented  to  the 
Society  photographs  of  his  magnificent  original  drawings  of  the 
whole  region  of  Etna,  which  were  upon  the  tahle,  of  which  only 
three  copies  were  taken  on  a  larger  scale  than  the  published  maps. 

2.  ''  On  the  structure  of  the  Crag-beds  of  Norfolk  and  Suffolk, 
with  some  observations  on  their  Oiganic  remains. — Part  II.  The 
Bed  Crag  of  Suffolk."    By  Joseph  Prestwich,  Esq.,  F.B.S.,  F.G.S. 

The  superposition  of  the  Bed  Crag  to  the  Coralline  having  been 
clearly  shown  by  previous  writers,  the  author  confined  his  paper  to 
those  questions  on  which  differences  of  opinion  still  exist,  namely, 
the  structure  of  the  Bed  Crag,  its  affinities  with  the  Coralline,  and 
its  exact  relation  to  the  MammaUferous  Crag  of  Norfolk.  The  Bed 
Crag  of  Suffolk  was  described  as  occupying  an  excavated  area  in  the 
Coralline,  wrapping  round  the  isolated  reefs  of  the  latter,  filling  up 
the  hollows  between  them,  and  occupying  a  similar,  and  sometimes 
a  rather  lower  level  than  the  summits  of  these  older  reefs.  It  forms 
such  an  extremely  variable  series  of  beds,  that  the  author  had  be^i 
nnable  to  observe  any  definite  order  of  succession  in  the  greater  part 
of  it;  but  he  remarked  that  oblique  lamination  is  most  strongly 
developed  in  the  lower  and  central  portions,  and  that  almost  every- 
where there  occurs  at  the  base  a  bed  of  phosphatic  nodules,  although 
deposits  of  that  nature  are  by  no  means  confined  to  one  level.  Old 
sea-cliffs  of  Coralline  Crag,  and  remains  of  old  sea-beaches  at  their 
base,  were  described  by  Mr.  Prestwich  as  occurring  at  Sutton  ;  and 
he  also  gave  detailed  descriptions  of  numerous  pits  in  the  Bed  Crag 
of  Suffolk,  where  the  phenomena  which  he  described  may  be  ob- 
served. Dividing  the  Bed  Crag  into  an  upper,  frequently  unfossili- 
ferous,  member,  the  fossils  of  which,  being  most  frequently  in  the 
position  in  which  they  lived,  may  be  regarded  as  truly  representing 
the  fauna  of  the  period ;  and  a  lower  fossiliferous  portion,  in  which 
the  shells  are  found  mostly  in  a  broken  and  comminuted  state,  and 
mixed  largely  with  fossils  derived  from  the  older  Coralline  Crag ;  the 
author  described  their  distribution  in  Suffolk,  and  their  mode  of  oc- 
currence on  the  eroded  Coralline  Crag,  referring  more  especially  to 
the  difficulty  in  drawing  the  line  between  them  in  many  cases. 

In  treating  of  the  Organic  Bemains  of  the  Bed  Crag,  Mr.  Prest- 
wich gave  lists  of  the  shells  found  at  the  different  localities,  which 
had  been  prepared  with  the  aid  of  Mr.  Gwyn  Jeffireys.  Taking  the 
local  conditions  into  consideration,  eliminating  the  extraneous  fossils 
of  the  Bed  Crag  of  Sutton,  Butley,  dfc,  and  excluding  the  freshwater 
fossils  of  the  more  nothem  districts,  the  author  regarded  the  remain- 
ing fossils  of  the  two  divisions  of  the  Bed  Crag  as  being  so  closely 
related,  tliat  the  whole  group  must  palsBontologically  be  treated  as 
one.  Mr.  Searles  Wood  had  given  the  total  number  of  species  of 
its  MoUusca  as  239 ;  to  these  Mr.  Owyn  Jeffreys  has  added  six 
additional  species ;  on  the  other  hand,  he  regarded  ninety-nine  of 
them  as  vmoties  and  extraneous  fossils,  leaving  146  species  be- 
longing to  the  Bed  Crag.  Of  these  Mr.  Jeffreys  has  identified  133, 
or  92  per  cent.,  with  living  species,  115  still  being  inhabitants  of 
British  seas,  15  being  found  in  more  northern  seas,  and  3  in  more 
southern. 
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From  the  MammalifeTonB  Crag  of  Norfolk  and  the  Bed  Cng  i 
Sufifolk  never  having  been  found  in  BnperpoBition,  from  the 
stance  that  just  at  the  point  where  the  latter  ceases  the 
begins,  as  well  as  from  the  community  of  so  many  species  of 
remains,  the  author  regarded  the  two  deposits  as  equivalent ;  andk 
attributed  their  distinctive  characters  partly  to  the  extraneoos  fodb 
in  the  Red  Crag,  and  j^artly  to  the  difference  in  the  conditions  nUA 
prevailed  in  the  two  areas  at  that  time,  and  especially  to  the  im 
littoral  and  brackish- water  conditions  which  prevailed  in  the  Noifbi 
area.  In  conclusion,  Mr.  Prestwich  gave  a  sketch  of  the  phjaol 
history  of  the  Red  Crag  period,  describing  the  mode  in  whidi  Ai 
various  phenomena  he  had  noticed  had  been  produced. 

DiscT'ssioN. — The  Rev.  ]Mr.  Gunn,  in  opposition  to  the  view  of 
the  Forest-bed  being  placed  above  the  Chillesford-olay,  mentioned 
that  at  Easton  Bavcnt,  wliere  the  latter  has  been  supposed  io  oocor 
in  the  cliff,  he  had  seen  the  Forest-bed  exposed  on  the  shore.  He 
instanced  other  cases  where  the  Forest-bed,  in  his  opinion,  underliei 
the  Chillosfonl  clay  and  sands,  and  supported  his  vievrs  by  the  evi- 
dence of  tlie  Mammalian  remains  of  the  different  beds,  and  especiaUf 
the  succession  of  the  Masiodtm  aroemetista,  the  Elephas  meridiaMUt, 
E.  anitquM  and  E,  primigeniua.  He  regrettePd  the  absence  of  any 
mention  of  the  Mammals  of  the  Red  Crag. 

Mr.  Gwyn  Jeffreys  made  some  remarks  on  the  subject  of  species, 
and  explained  how,  from  a  comparison  of  a  large  number  of  speci- 
mcns,  he  had  in  many  instances  been  led  to  reduce  what  had  for- 
merly l>cen  considered  as  distinct  species,  into  mere  varieties  of  the 
same  species.  Ho  corroborated  the  views  of  the  author  as  to  the 
presence  in  the  Red  Crag  of  numerous  fossils  of  the  Coralline  Crag. 

Dr.  Cobbold  stated  that,  from  a  microscopic  examination  of  the 
phosphatic  nodules,  he  had  established  the  existence  in  them  of 
Kadiolaria3  and  DiatomacesB,  and  especially  of  Arachmndiseus  eoe- 
coneisy  the  Radiolarise  being  chiefly  of  the  division  Acanthometrs, 
all  three  forms  being  purely  marine. 

Mr.  Charlesworth  commented  on  the  remarkable  fact  that  in  a 
few  thousand  square  feet  of  Coralline  Crag  we  have  a  fauna  as  ex- 
tensive as  the  whole  British  molluscan  fauna.  He  considered  that 
at  present  the  attempt  to  solve  the  question  of  the  age  of  the  Red 
Crag  was  hopeless,  mainly  from  the  difficulty  of  recognizing  ex- 
traneous fossils.  He  expressed  his  disappointment  at  the  fish-fauna 
of  the  Red  Crag  not  having  been  noticed  by  the  author.  The  teeth 
which  were  common  to  the  Eocene  and  Red  Crag  had  usually  some 
phosphatic  matter  adherent.  Those,  on  the  contrary,  which  only 
occur  in  the  Crag,  have  never  any  phosphatic  matter  attached.  He 
therefore  regarded  the  former  class  as  derivative,  but  the  latter  as 
belonging  to  the  deposit  in  which  they  occur. 

Mr.  Searles  Wood,  jim.,  denied  that  the  Red  Crag  was  the  one 
homogeneous  deposit  divided  into  two  beds  as  represented  by  Mr. 
Prestwich;  he  protested  against  the  Walton  and  Butley  deposits 
being  regarded  as  one  and  the  same,  the  former  bearing  more  affinity 
to  the  Coralline  Crag,  and  being,  therefore,  probably  the  older. 
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Mr.  Prestwich,  in  reply,  explained  that  he  did  not  intend  to  omit 
list  of  mammalian  remains  of  the  Red  Crag,  tables  of  which 
appended  to  the  paper,  the  greater  part  of  them,  however,  he 
_  led  as  deriyative.  With  regard  to  the  relation  of  the  ChiUes- 
jrr(ita>d-bedB  to  the  Forest-bed,  he  had  never  «een  a  section  in  which  the 
ga^irttoi  was  found  beneath  the  former — ^the  Chillesford  beds  at  Easton 
^^ftTent  were  underlain  by  sandy  beds  referable  to  the  Norwich 
^Omg.  He  considered  that  some  division  in  the  lower  bed,  as  sug- 
1^  Mrted  by  Mr.  Searles  Wood,  was  to  be  found. 

I",       n.    June  8rd,  1868. — 1.  "On  some  Genera   of  Carboniferous 
Oofrals."    By  James  Thomson,  Esq.     Communicated  by  Dr.   P. 

J   Martin  Duncan,  Sec.  G.  S.,  etc. 

Mr.  Thomson  gave  a  rtwmi  of  the  diagpostic  peculiarities  of 
Qiaikopli^VLym^  Goldfuss,  ClisiaphyUumf  Dana,  AtdophyUum,  Milne- 
XidwaidB  and  Jules  Haime,  and  Cyclophyllumf  Duncan  and  Thomson. 
The  author  then  noticed  that  the  separation  of  these  genera  was  in- 
evitable and  necessary,  from  the  ordinary  rules  of  the  classification 
of  the  ZoarUharia,  He  concluded  by  remarking  upon  the  evident 
Btructural  distinctions  between  Clmophyllum,  Avlaphyllum,  and  Cyekh 

DisoussiON. — Dr.  Duncan  said  that  the  existence  of  a  columella 
was  a  generic  distinction  in  Eecent  and  Mesozoic  corals,  that  the 
type  of  the  Palaeozoic  Cyathophyllidas  was  reflected  in  the  Lower 
Liassic  coral-fauna  of  South  WaJes  and  the  west  of  England,  and 
that  there  was  a  necessity  for  tho  same  principles  of  classification  in 
the  Paleeozoic  and  in  the  Recent  coral-fauna.  There  was  a  gradation 
from  the  Rugosa  to  the  Aporosa. 

Prof.  Huxley  remarked  that  the  structures  of  the  specimens  of 
the  different  genera  proved  that  there  were  great  difficulties  in  ac- 
cepting Agassiz's  opinion  that  these  old  forms  were  not  Zoaniharia, 

2.  "  On  the  Pebble-beds  of  Middlesex,  Essex,  and  Herts."  By 
S.  V.  Wood,  Jun.,  Esq.,  F.G.S. 

The  author  described  two  groups  of  pebble-beds.  The  first  of 
these,  composed  of  rolled  flint  only,  and  confined  to  the  outliers  of 
Bagshot  sand  scattered  through  Middlesex  and  Essex,  he  considered 
must  be  referred  to  the  deposit  of  the  Bagshot  sea  during  its  reces- 
sion from  these  counties ;  unless  the  Lenham  beds  could  be  held  to 
establish  the  existence  of  an  older  Pliocene  sea  over  Kent,  in  which 
case  this  group  of  pebble  beds  might  be  connected  with  that  event. 
The  second  group  of  pebble  beds  was  the  same  as  that  lately  de- 
scribed by  Mr.  Hughes  in  Hertfordshire,  as  "  gravel  of  the  higher 
plain"  of  that  county,  which  is  found  intermittingly  to  underlie  the 
Glacial  clay  at  high  levels.  Mr.  Wood  objected  to  Mr.  Hughes' 
view  that  this  bed  was  anterior  to  the  gravel  of  the  lower  Hertford- 
shire plain  (which  is  of  Middle  Glacial  age  and  underlies  the  Glacial 
clay  at  lower  levels) ;  regarding  it  as  merely  a  modification  of  the 
latter  at  the  close  of  the  Middle  Glacial  period,  due  to  much  of  it 
having  been,  at  these  high  levels,  constructed  out  of  the  pebble  beds 
of  the  first  described  group. 
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BucTMHML — Mr.  Fraikviah  was  inclined  to  regard  wamtlh  I  ^ 
bedi  lefeiied  br  tbe  aatbor  to  the  Bagshot  aeries  rkher  ai  U 1 1 
drif^,  derived  mainlj  from  those  beds,  than  aa  the  beda  themite 

Mr.  Tlliitaker  saw  a  difBcalty  in  Haiming  the  pebfaile-baiiA 
Brentwood  and  elsewhere  among  the  Bagahot  beda,  aa  in  thaltfii 
district,  at  all  events  no  snch  pebble-beds  oocor  intheBagdhotan 

Mr.  Evans  pointed  oat  the  difBcnlty  in  supposing  t>M^t  the  ppk 
at  the  high  level  ooald  have  been  deposited  at  a  hiter  pericnte 
those  of  the  low  level  without,  at  the  same  time,  overlying  the  hllft 

Mr.  Searles  Wood  considered  that  there  was  not  that  broid  fai 
of  distinction  to  be  drawn  between  the  gravels  of  the  hi^ier  fll 
lower  level  ;  he  maintained  that  the  pebble-beda  'when  truly  n  A 
were  free  from  Qaartzite.  and  truly  of  the  Bagahot  age. 

3.  ''  On  the  Cretaceous  Rocks  of  the  Bas-Boulonnaia."  By  WiDIb 
Topley,  Esq.,  F.G.S.,  of  the  Geological  Survey  of  England  and  Wak 

After  a  rtsumd  of  previous  notices  on  the  subject,  the  aatfaor  ^ 
acribed  the  Physical  Geography  of  the  district  and  the  CietsoeM 
beds  below  the  Chalk,  comparing  them  with  their  Eng-liah  equivakoli 

Each  great  division  of  the  Kentish  series  was  stated  to  be  IqB^ 
sented  in  the  Boulonnais,  although  in  every  case,  in  dimim*^ 
thickness.  The  Upper  Greensand  and  Gault  were  shown  to  sn^ 
round  the  district  at  the  base  of  the  Chalk  hills  ;  and  a  fossilifefoM 
phosphatic  bed  was  described  at  the  bottom  of  the  Ganlt,  as  in  Kcdl 
This  bed  was  regarded  by  the  author  as  a  passage  between  GsbH 
and  Lower  Greensand,  as  nodules  with  fossils  often  occur  in  the 
sands  below ;  and  it  was  shown  to  be  frequently  impossible  ii 
sections  to  mark  off  accurately  the  Lower  Greensand  from  the  Ganlt 
The  marked  change  in  the  fauna  of  these  formations  was  regarded 
by  the  author  as  due  to  the  complete  change  in  the  conditions  of 
deposit 

The  sands  which  occur  below  the  Gault  were  shown  to  belong 
partly  to  tho  Folkestone  beds  (or  highest  division  of  the  Lower 
Greensand)  and  partly  to  the  Wealden — the  intermediate  stsges 
being  absent,  although  well  developed  where  last  seen  on  tbe  Kenl^ 
coast  Tho  ferruginous  sands,  with  variegated  clays  and  iron-ore, 
which  cap  the  hills  in  the  interior  of  the  Bas-Boulonnais,  were  re- 
ferred by  the  author  to  the  Wealden  series,  as  were  also  the  pebble- 
beds  of  St.  Etienno  and  elsewhere,  hitherto  regarded  as  *'  drift." 

Tho  Wealden  beds  were  shown  to  rest  upon  the  Portlandian  around 
Boulogne,  and  upon  lower  members  of  the  Oolites  in  the  west  and 
north ;  while  in  tho  north-west  comer  they  fill  "  pipes"  in  Palaeo- 
zoic limestones.  The  Wealden  beds,  thus  proved  to  be  unconform- 
able to  those  below  them,  were  shown  to  underlie  conformably  the 
remaining  Cretaceous  beds  above,  thinning  away,  however,  against 
the  old  ridge,  whore,  by  overlapping,  the  Lower  Greensand  and 
finally  the  Gault,  rest  immediately  upon  the  Palaeozoic  rocks. 

Tho  paper  was  illustrated  by  a  map,  showing  the  probable  out- 
crop of  tlio  Cretaceous  rocks  beneath  the  English  Channel. 

DisoussiON. — Sir  Roderick  Murchison,  without  doubting  the  cor- 
rectness of  the  author's  views,  wished  that  fossil  evidence  had  been 
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coming  to  identify  more  condnBiTely  tlie  Wetlden  strata  of  the 
onnais  with  those  of  England,  and  suggested  their  oonelaiiioa 
the  Beanvis  beds. 
Hie  Bev.  Mr.  Wiltshire  remarked  that  in  Kent  the  Ammonites 
was  contained  in  large  nodules,  and  occurred  only  below 
lower  phosphatic  band. 
]fr.  Whitaker,  who  had  been  with  the  author  in  the  Boulonnais, 
been,  contrary  to  his  predilections,  compelled  to  regard  the  beds 
~  to  the  Wealden  as  belonging  to  that  formation,  and  not  to 
Lower  Greensand. 
1:4."  Note  on  the  Mendip  AnticlinaL"    By  C.  H.  Weston,  Esq., 

The  author  called  attention  to  the  discovery  of  igneous  rocks  in 
Hie  north-western  portion  of  the  Mendip  Hills  long  previous  to  Mr. 
-Kbore's  discovery  of  them  in  the  south-east :  and  he  stated  that  this 
fhct  left  no  doubt  about  the  persistence  of  this  upheaving  agent 
Ihroiighout  the  entire  anticlinal  of  the  Old  Bed  and  Carboniferous 


m.— June  17th,  186a— 1.  "  On  ihe  Distribution  of  Stone  Imple- 
mfints  in  Southern  India."  By  B.  Bruce  Foote,  Esq.,  of  the  Qeo« 
logical  Survey  of  India. 

The  chipped  stone  implements  of  Southern  India  are  found  in,  or 
aBflOciated  with,  two  formations — the  coast-laterite,  which  is  a  marine 
formation,  and  a  freshwater  deposit,  occurring  inland  at  greater  ele- 
vations above  the  sea.  Most  of  them  have  been  found  either  in  m(u 
in  the  laterite  of  the  eastern  coast,  or  distributed  over  its  surface ; 
several  have  been  collected  off  the  surface  of  older  rocks,  in  places 
'where  the  laterite  had  been  removed  by  denudation ;  others  have 
been  discovered  on  the  surface  at  great  elevations  in  other  parts  of 
the  country,  where  no  distinct  traces  could  be  seen  of  the  formation 
£rom  which  they  had  weathered  out,  and  which  had  a  different  origin 
(possibly  freshwater)  from  that  of  the  marine  coast-laterite ;  while  a 
few  have  been  obtained  from  unquestionably  fluviatile  deposits. 
None  have  been  collected  from  formations  known  to  be  either 
younger  or  older  than  the  coast-laterite. 

The  author  inferred  that  during  the  latter  part  of  the  laterite* 
period  the  land  was  raised  to  the  extent  of  506  or  600  feet ;  that 
this  elevation  was  followed  by  a  period  of  quiescence,  during  which 
the  laterite  was  extensively  denuded ;  that  this  epoch  was  succeeded 
by  a  period  of  depression,  during  which  the  recent  coast-alluvium 
was  formed ;  and  that  a  subsequent  elevation  brought  the  land  into 
its  present  position. 

Discussion. — The  President  referred  to  the  evidence  of  Physical 
Geography  to  prove  that  the  Deccan  was  once  an  island,  and  to  Ethno- 
logical data  to  prove  that  the  people  who  made  the  quartzite  imple- 
ments were  probably  not  the  original  Aryans,  but  were  the  ancestors  of 
the  Hill  tribes,  whose  nearest  affinities  are  with  the  aboriginal  Aus- 
tralians of  the  present  day.  He  was  of  opinion  that  the  two  popu- 
lations were  once  nearly  or  quite  continuous,  having  been  sabie« 
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qucntly  cnt  into  segments  by  geolo^cal  obanges  ;  and  thatfte 
of  the  quartzite  implements  came  from  the  same  stock  as  boA 
reoont  tribes,  which  present  the  most  rudimentaiy  civilizatiOQ' 

IVofossor  Kupert  Jones  called  attention  to  the  mmilaritjm 
ty|x^  of  these  quartzite  implements  and  that  of  the  flint  im] 
of  Eun>pe. 

Sir  Koiierick  Marchison  doubted  whether  the  lateiite  was  i 
formation,  as  neither  in  it  nor  in  the  lacostxine  deposits  sUodelll 
had  any  organic  remains  been  found. 

M.  do  Normand  stated  that  Obsidian  knives,  like  Mexican  tjfi^ 
woro  fvumd  by  him.  with  domestic  implements  cnt  out  of  Tokail  V]q 
stouo.  \nulor  70  ftvt  of  tufif  of  the  primitive  volcano  of  Santoiin;  ■!  1^ 
he  considonxl  tliat  before  the  formation  of  the  first  volcano  Geiamicpol:  I  ^ 
toT^'  ^^as  bnnight  to  Santorin  from  foreign  shoiies,  and,  of  course,  byM  ■  ^ 

Dr.  Mer}'ou  romarkeil  that  the  occurrence  of  the  same  type  at 
implomont  in  £uro}x>  and  Asia  proved  a  dispersion  of  the  haam 
noo  in  very  ancient  times,  and  that  man  originated  from  one  oenln; 
whilo  in  Liter  times  a  divergence  of  type  in  the  worked  objects  imi 
n?sult  of  the  disjvrsion. 

Mr  Prostwich  was  inclined  to  believe  that  g^reater  phyanl 
changes  had  occurred  in  India  since  the  Pliocene  period  than  is 
£ur^^|v.  Tlio  implements  were  so  like  those  of  Europe,  that  dieir 
fabricators  seomovl  to  have  been  taught  in  the  same  schooL 

Mr  Fixno.  in  reply,  stated  that  he  regarded  the  laterite  as  a  marine 
formation.  Kvause  it  occurred  all  roimd  the  coast.  All  the  impfe- 
niouts  wow  quartzite.  with  perhaps  one  doubtful  exception,  which 
w^is  fomioil  of  lv\scdt.  Stone  cin^les  and  kistvaens  had  be^n  foond 
on  the  surface  of  the  Luorito  in  some  localities. 

2.  "  On  worktxl  Flint  flakes  fr?m  Carricktersrns  and  Lame.*"  Bj 
G.  V.  du  Noyor.  Esq.  Communicated  by  Sir  R.  L  Murchiscn.  BarL, 
K.C.B..  F.GIS..  etc. 

Those  flakes  have  been  foimd  by  the  a'sth^r  in  r«r?  verr  distinct 
jv^itiv^ns,  namely,  the  older  in  the  marine  drifr  ■  sani  az  i  craTell 
skining  tho  shores  of  the  ccunty  Antrim  and  thr  c^.-imiy  I>:TinL  the 
maximum  olovarion  being  aK^ut  2'3  feet  aK'^ve  :he  sea ;  at  i  tzi-r  nore 
revvnt  in  the  sul\«o:I  clay  at  all  elevati:=5  up  to  6'.V  fre:.  r.<rar  Bel- 
fast, Oarriokfergtis,  Lame  Lr-Tigh.  and  Islani  3I:-o?e,  TL-s  f:mer 
are  of  the  mdest  foTms.  highly  cxiiixei  :r  write  :::  th-=ir  rztfre 
surface  :  but.  th.^ugh  imbe-idod  in  marine  drif^.  iiavir.j:  thr  ■:c.:rTirif 
awund  the  sides  and  anj:Ios  generally  sharp.  Th-e  lit:fr  ^Ve"i 
comjvjrativoly  tr^sh  lx»k.  though  stiil  pcssessrrg  tL-r  vLiris-tcrisca: 
p,^n>?llanous  glaze  :  they  are  ivgai^led  try  Mr.  Di  Nryer  j^  rcesfrly 
the  rou^  nia:criils  cut  of  which  the  historic  rkxs  ir  Irflj^-1  =lk::i- 
ficmred  the  spear  and  arni>w-heids  which  are  rV-iizi  w^th  lisir 
sepulchral  and  other  remains^ 

3.  "  On  the  Diminution  in  the  volume  cf  the  5*:  i  I*~zc  Taac 
Geolv-^gical  Epochs.''  By  Andrew  Murray.  Esc~  F.L  S.  C:cli~> 
cated  bv  the  rr«£ient. 

In  oppc«ition  to  Sir  Chari-es  LyelL  the  a':itb:r  scrczitTfi  -^js. 
instead  of  the  piv^rdon  of  dry  land  lo  sea  kivi=;g  alw-iy^  re^n  ti^s 
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and  its  voltime  above  the  level  of  the  sea  a  constant  quantity, 

are  constantly  increasing,  while  both  the  mean  and  extreme 

of  the  sea  are  constantly  diminishing,  the  cause  being  the 

affinitv  which  water  has  for  the  constituent  elements  of 

In  illustration  of  his  view,  he  quoted  the  so-called  up- 

cf  coral-islands  as  being  really  caused  by  a  diminution  in  the 

of  the  sea. 

Has  the  Asiatic  Elephant  been  found  in  a  fossil  state  ? " 

A.  Leith  Adams,  M.B.,  F.G.S.    With  a  Note  by  G.  Busk,  Esq., 

.8.,  F.G.S. 

^  An  elephant's  tooth  in  the  possession  of  Dr.  Fischer,  of  St.  John, 

Brunswick,  which  had  been  found  in  Japan  at  a  distance  of 

miles  from,  the  sea-shore,  between  Kanagawa  and  Jeddo,  and  at 

of  a  surface  coal-bed,  appeared  to  the  author  referable  to  the 

^.^ elephant;  and  he  accompanied  his  description  of  it  by  a 

:.^hmwmg  and  plaster  cast    In  his  note  appended  to  the  paper,  Mr. 

:^?BiiBk  gave  some  further  details  of  the  characters  exhibited  by  the 

-f  QMt^  and  agreed  with  Dr.  Leith  Adams  in  regarding  it  as  probably 

'.  Xi^feiable  to  Elephaa  indieus  rather  than  E.  Armeniacus,  a  fossil  molur 

of  which  had  been  found  in  China ;  but  he  concluded  that  it  was  the 

r   uaUwnuUimnU  upper  left  molar,  and  not  the  penultimate,  as  inferred 

r  by  Dr.  Leith  Adams. 

!s.  5.  "On  the  Characters  of  some  new  Fossil  Fish  from  the  Lias  of 
_  Ijyme  Regis."  By  Sir  Philip  de  M.  Grey  Egerton,  Bart,  M.P., 
^    F*xLS.,  F.G.S. 

The  species  described  in  this  paper  were  the  following  : — 
::.         (htearaeh%8   maerocephaluSf  gen.   et  spec.   nov. — A  Sauroid  fish, 
^    chiefly  remarkable  for  the  massive  dimensions  and  complete  ossifica- 
tion of  the  bodies  of  the  vertebrsB,  and  characterized  by  the  large 
size  of  the  head  and  the  multiplicity  of  the  teeth. 

laocolum  granulaiumy  gen.  et  spec.  nov. — For  elegance  of  form 
this  fish  can  vie  with  the  salmon  of  modem  times,  its  contour  being 
very  simUar.  It  bears  the  greatest  resemblance  to  the  Sauroid  genus 
CatumSf  but  in  the  absence  of  the  teeth  it  cannot  be  assigned  with 
certainty  to  any  particular  family. 

Holophagm  gido,  spec.  nov.  —  A  CsBlacanth  fish,  remarkable 
for  its  resemblance,  especially  in  the  contour  of  the  head,  to  the 
Cretaceous  genus  Macrapoma,  and  for  substantiating  Prof.  Huxley's 
demonstration  of  the  persistence  of  type  presented  by  this  family, 
which  ranged  from  the  Coal-measures  to  the  Chalk. 

Eulepidotua  sauroides,  gen.  et  spec.  nov.  —  This  fish  represents 
a  genus  uniting  the  Lepidoid  and  Sauroid  families  of  Agassiz's 
Gknoid  order;  the  teeth  and  the  tail  being  Sauroid  in  character, 
while  the  fins  are  Lepidoid,  and  the  scales  partake  of  the  characters 
of  those  structures  in  both  families. 

6.  **  Note  on  the  Geology  of  Port  Santa  Cruz,  Patagonia."  By 
Capt  T.  Baker,  Lieut  Boyal  Naval  Reserve.  Communicated  by  the 
Assistant-Secretary. 

This  note  accompanied  some  specimens  of  fossil  shells  obtained 
by  the  author  from  the  cliffs  of  the  western  arm  of  the  River  Santa 
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Cmz,  the  stratification  of  whidi  lie  described.  Hie  sheDi  an  fr 
themoet  part  referable  to  the  Tertiaiy  species  from  Patagonia  p» 
'fiously  obtained  by  Mr.  Darwin.  V^ 

7.  "On  the  Jurassic  deposits  in  the  N.W.  Hinudaya.**    ^Dfcl^ 
F.  Stoliczka,  F.6.S.,  of  the  Geological  Survey  of  India. 

The  author  described    the    following  strata  as   oranpoong  fti 
Jurassic  rocks  in  the  north-west  Himalayas : — 
.    T-  .     («.  Lower  Tagiin^ limMtone. 
*•  ^^     \b.  Upper  TagUng  limcitoDe. 

2-  I>oggCT  (  rf.  spiti  shales. 

8.  Malm  f    t.  Gienmal  sandstoiie. 

The  object  of  the  paper  was  to  show,  in  oppoaitioii  to  Mr.  T^ 
assertion  to  the  contrary,  that  the  Indian  Jurassic  formation  cooU 
clearly  be  subdivided,  and  that  in  some  measure  the  BubdiTisiaoi 
correspond  with  those  of  the  European  Jura. 

8.  '*  On  a  true  Coal-plant  (Lepidodendrom)  from  SinaL*'  By  X 
W.  Salter,  Esq.,  A.L.S.,  F.G.S. 

The  fossil  described  was  received  by  Sir  E.  L  Murchiaon  some 
years  ago.  The  author  regarded  it  as  an  infallible  indication  of  die 
presence  of  the  true  northern  Coal-formation,  with  species  liks 
those  from  the  Erekli  coal.  The  proposed  name  of  the  species  is 
Leptdodendran  moaaicum, 

[TAe  Abstract  of  the  remaining  papers  read  at  this  meeting  wiU  appear 

in  the  September  Number,'} 

WooLHOPE  Naturalists*  Field-club. — On  Friday,  June  19th, 
the  Woolhope  Naturalists'  Field-club  held  their  second  meeting 
for  the  season  at  Crumlin  and  Pontypool.  They  were  largely 
reinforced  by  a  detachment  [from  the  Cardiff  Natural  History 
Society,  which  commenced  its  campaign  for  the  first  time  under  the 
presidency  of  Mr.  Adams,  F.G.S.  Headed  by  Dr.  McCuUough,  the 
President  of  the  Woolhope  Club,  the  party  first  of  all  in8|>ected  the 
Crumlin  Viaduct,  by  which  the  Great  Western  Railway  is  carried 
over  the  gorge  of  the  Ebbw  valley  at  a  height  of  210  ft,  and  then 
ascended  Llanhilleth  Hill,  at  the  summit  of  which  (about  1600  ft.), 
commanding:  a  wide  panorama,  Mr.  G.  Phillips  Bevan,  F.G.S.,  de- 
livered to  the  assembled  members  an  address  on  the  South  Wales 
Coalfield,  in  which  he  called  attention  to  its  former  continuity  with 
other  coalfields,  and  also  to  the  various  geological  conditions  which 
had  taken  place  in  the  history  of  the  basin,  and  which  he  briefly 
summed  up  as  follows  : — 1 .  Deposition  of  the  Lower  Measures  ;  2. 
Their  subsidence ;  3.  Occurrence  of  westerly  force ;  4.  Deposition 
of  Upper  Measures :  5.  Gradual  uplifting ;  6.  Denudation.  From 
Llanhilleth  Hill  the  party  moved  off  through  the  lovely  glen  of 
Cwmffrwyd,  where  the  botanists  found  some  rare  mosses,  and  ar- 
rived at  Pontypool  to  dinner,  under  the  presidency  of  Dr.  McCuUough. 
After  dinner,  a  paper  was  read  by  Dr.  Rankine  on  **  The  Flight  of 
Birds,"  and  another  by  Mr.  Elmes  Steel  on  **  Mason  Wasps  and 
their  habits."  Mr.  Bevan  was  elected  an  honorary  member  of  the 
Woolhope  Club.  The  weather  was  magnificent^  and  the  day  was 
greatly  enjoyed  by  both  clubs. 


Ccftetponience'^Mr.  Alfred  l^lor.  891 


lOSCOVERT  OF  A  PLEISTOCENE  FRESH-WATER  DEPOSIT,  WITH 
SHELLS,  AT  HIGHBURY  NEW  PARK,  NEAR  STOKE  NEWINGTON. 

SiBy — Some  of  your  readers  may  be  interested  in  the  discovery 
oade  to-day  by  me  of  fossil  shells,  of  the  ordinary  Thames  Valley 
pecnes,  in  the  more  eastern  of  the  two  brick-pits  in  Highbury  New 
fark. 

The  older  and  more  western  of  these  pits  has  been  open  for  20 
rears ;  but  although  it  possessed  well-marked  and  stratified  beds  of 
leep  purple  clays  containing  much  wood,  almost  in  a  recent  condition, 
fet  no  fossil  shells  have  been  discovered.  The  surface  of  the  ground 
ife  the  western  brick-pit  is  120  feet  above  the  Ordnance  datum-line. 
Ajt  a  depth  of  40  feet  in  this  pit  the  yellow  sands  are  well  seen  at 
the  present  time,  false-bedded,  10  feet  in  thickness,  and  in  many 
reepects  like  the  Cyrena-sands  at  Crayford,  but,  unfortunately,  up  to 
ihe  present  time  no  fossils  have  been  found  there.  The  surface  of 
the  ground  at  the  newer  and  more  eastern  of  the  two  pits  in  High- 
bury New  Park,  containing  the  newly  discovered  shell-bed,  is  102 
feet  above  the  Ordnance  datum-line.  The  clay-bed,  2  feet  thick,  and 
foil  of  land  and  freshwater  shells,  accompanied  by  much  wood,  is 
22  feet  below  the  surface,  and  consequently  80  feet  above  the 
Ordnance  datum-line.  There  are  also  some  shells  in  the  reddish  loam 
or  brick-earth,  immediately  above  the  clay,  so  that  the  Thames 
Yalley  fossiliferous  beds  reach  at  this  point  to  85  feet  above  the 
Datum.  The  London  Clay  surface  is  supposed  to  be  10  feet  below 
the  shell-bed. 

At  750  yards  to  the  north  of  this  brick-pit  the  Hackney  Brook 
formerly  flowed,  at  a  height  of  75  feet,  on  a  bare  surface  of  London 
Clay. 

At  530  yards  due  west  of  this  pit  the  ground  in  Highbury  Park 
is  142  feet  high,  and  the  London  Clay  reaches  to  within  5  feet  of  the 
surface,  and  is  covered  with  coarse  gravel,  without  any  brick-earth. 

The  thick  brick-earth  series  intercalated  with  gravel,  sand,  and 
clay  beds  on  the  Highbury  New  Park,  therefore,  probably  owes  its 
formation  and  preservation  to  the  protecting  influence  of  this  high 
escarpment  of  London  Clay.  I  have  shown  the  importance  of  these 
escarpments,  and  their  relation  to  the  lliames  Valley  deposits,  in 
papers  read  before  the  Geological  Society. 

Mr.  E.  Tate  has  kindly  examined  the  fossils  collected  in  the 
Highbury  New  Park  pit,  and  gives  the  following  list  and  remarks : 

**  Land  Shells. — Helix  rufefiemSf  var.  deprettOy    Sueeinea  putris, 

Zua  lubrica^  Caryehium  minimum, 
Clausilia  bipJieata^ 

**  Fbbsh-watek  Shells. — Limntea  palustrtt^  Valvata  piseinalia^ 

Flanorbia  marginatus^  Fi$idium  ohtmaUy 
„         $pirorbiSy  „         puiillum, 

Valvata  crittatay  Cyelat  eot-nea^  var, 

"  The  above  assemblage  of  species  suggests  a  shallow  pool  or  a 
slow  running  stream  of  slight  depth,  on  the  margins  of  which 
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Bemi-aquatic  plants  grew,  affording  shelter  for  the  land  maiOi,  iM{ 
inhabit  usually  marshy  or  damp  sitoations ;  2!ma  Imbriea, 
is  more  sylvan  in  its  habits,  than  the  others.     All  the  speciet  isbd 
Great  Britain,  but  Clauailia  Jnplieata  ranks  amongst  our  rarest—T 

In  1866,  during  the  formation  of  a  cutting   through 
Downs,  Mr.  S.  Skertchly  made  a  large  collection  of  Thames  Yi 
drift-shells  which   he  discovered  th^ne,  and    brought  me  a 
which  were  named  by  Mr.  B.  Tate.    I  understand  Mr.  SkoteUf 
also  sent  a  set  of  specimens  to  Mr.  Smith  at  the  same  time,  h 
July,  1867,   a  notice  of  the  discoveiy  of   these   shells  appenri 
in   the   NcUurai  History  Bepertory,   by  Mr.    Greoige   J.  Smitk  I 
inspected  the  section  in   1866,  and  found  that   the   Unios  ma 
in  a  bed  of   purple    clay   with    sands   above    and    below  iV«. 
The  surface  of  Hackney  Down  is  70ft.  above  the  Ordnance  datm* 
line,  and  the  Cyrena  and  Unio  bed,  although  partlj  covered  ip 
when  I  examined  it  in  1866,  appeared  to  be,  at  leasts  20ft  hekm 
the  surface.     The  Hackney  Brook  formerly  flowed  550  yards  md 
of  the  above  Cyrena  bed    on    Hackney  Down  at    a    hei^t  of 
51  feet  above  the  Ordnance  datum-line.     I  consider  that  in  lUi 
'MTt  of  its  course  the  channel  of  Hackney  Brook  was  on  tliis  aaiai 
rleistocene  clay,  which  is  three  or  four  feet  thick,  and  not  in  LondoB 
Clay,  as  marked  in  Mr.  B.  W.  Mylne's  Map  of  London. 

The  discoveiy  at  Hackney  Downs  of  a  clay-bed  with  shells  le- 
minds  us  of  the  description  of  a  similar  section  at  Shac^ewell  hf 
Mr.  Prestwich  in  Vol.  XI.  of  the  Quarterly  Journal  of  the  Gth 
logical  Society,  at  a  locality  not  far  distant  from  Hackney  Downs. 
I'he  clay -bed  is  described  there  to  be  between  beds  of  sand;  hot 
neither  Cyrena  nor  Unio  are  in  Mr.  Prestwich's  list  of  fossils  from 
that  excavation.  Sir  C.  Lyell,  however,  states  in  the  "  Antiquity  of 
Man,"  that  he  had  seen  Cyrena  at  Shacklewell,  page  161. 

Cyrena  and  Unio  are  found  together  in  great  abundance  at 
Grays,  Crayford,  and  Hackney  Downs.  Mr.  A.  Harris,  of  Bradford, 
brought  me,  in  1867,  a  number  of  specimens  of  the  same  Cyrena, 
accompanied  by  an  undescribed  but  remarkable  species  of  Unio  from 
a  Pleistocene  gravel  160fb.  above  the  present  Nile,  and  1200  rnUes 
from  the  Mediterranean.  I  use  the  name  Cyrena  as  more  familiar 
than  the  term  Corhictda,  by  which  it  is  often  recorded. 

I  should  hope  that  shells  may  yet  be  found  in  the  larger  and  older 
brick-pit  in  Highbury.  The  smaller  brick-pit  in  Highbury  New 
Park  is  easily  found,  as  it  is  about  one  hundred  yards  west  of  the 
bridge  over  the  New  Kiver  in  the  Green  Lanes,  Stoke  Newington, 
close  to  Aden  Terrace,  and  about  four  hundred  yards  east  of  Highbury 
Barn  Tavern.  No  doubt  a  considerable  addition  might  be  made  to  the 
number  of  species  collected  by  me,  and  it  is  therefore  very  desirable 
that  the  spot  should  be  carefully  examined  before  it  is  filled  up. — 

Alfbsd  Tylob. 

Btokb  NswmoTOir,  July  6,  1868. 
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L ^NOTE   ON   THE   DiSCOVBBY   OP   BoS  FrIMIQENIUS  IN    THE    LoWER 

BOULDEB-CLAT    OP   SCOTLAND. 

By  Jambs  Gbikib,  F.G.S.,  etc. 

rr  will  interest  some  of  your  readers  to  hear  that  remains  of  Bob 
primigeniuB  have  recently  been  obtained  from  the  true  till  or  lower 
Bonlder-clay  of  Scotland.  The  specimens  hitherto  found  appear  to 
have  come  either  from  the  fine  Glacial  brick-clays,  which  are  posterior 
in  date  to  the  larger  portion  of  our  Boulder-clay,  or  from  deposits  of 
still  later  age.  A  few  days  ago  I  heard  that  the  navvies  employed 
in  making  the  new  "  Crofthead  and  Kilmarnock  Extension  Railway  " 
had  come  upon  what  was  described  to  me  as  a  "  wonderful  big  bull's 
head."  I  lost  no  time  in  visiting  the  locality,  and  saw  the  fossil  in 
the  possession  of  Mr.  John  Strain,  C.E.,  who  allowed  me  to  examine 
it,  and  was  afterwards  kind  enough  to  accompany  me  to  the  railway 
cutting  in  order  to  point  out  the  exact  spot  from  which  the  relic  was 
taken.  The  skull  is  in  rather  an  imperfect  state,  and  only  one  of 
the  horn-cores  remains,  the  other  having  been  broken  off  near  the 
base.  The  perfect  core  measures  31  inches  in  length  along  the  outer 
curve,  and  gives  at  its  base  a  circumference  of  14  inches.  The 
breadth  of  the  forehead  between  the  horns  is  10  inches.  From  the 
character  of  the  flat  forehead,  from  the  origin  of  the  cores,  and  from 
the  direction  and  curvature  of  the  remaining  one,  there  can  be  no 
doubt  that  the  skull  is  that  of  Bos  primigenius.  The  fossil  was  im- 
bedded some  few  feet  deep  in  a  soft  clay  or  mud,  interlaminated  with 
lines  and  beds  of  sand,  and  occasional  layers  of  fine  gravel.  In 
some  of  the  layers  of  clay,  I  detected  a  little  vegetable  matter,  but 
in  such  a  state  of  decay,  that  I  could  not  bo  certain  as  to  the  cha- 
racter of  the  plant.  It  appeared  to  resemble  the  fibres  of  some 
heath.  These  beds  occupy  a  basin -shaped  depression,  and  rest  partly 
on  Boulder-clay  and  partly  on  rock.  I  do  not  know  how  thick  they 
may  be  towards  the  centre  of  the  trough,  for  the  cutting  has  not 
been  carried  down  to  the  rock  or  Boulder-clay ;  but,  at  least,  from 
10  to  15  feet  of  stratified  materials  are  there  exposed,  and  the  total 
thickness  is  probably  as  much  agtdn.  The  strata  are  overlaid  by 
Boulder-clay  in  such  a  way  as  to  leave  no  doubt  on  the  mind  that 
they  form  an  intercalated  series.   I  was  particularly  careful  to  ascer- 
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tain  whether  a  slip  from  the  hill-dde  might  not  explain  thmr  inte* 
stratified  position ;  but  after  a  minute  examination,  I  was  as&U 
that  no  such  land-slip  had  taken  plaoe^  but  that»  as  I  have  showAB 
the  sketch-sections,  tiie  laminated  clay  and  sand  are  distinolly  flta^ 
bedded  with  the  till.  This  till  is  a  stiff,  hard,  dark-brown  day,tt 
of  scratched  stones,  and  rests  on  a  much  grooved  and  weil-pdidill 
surface  of  porphjrite, — the  striaa  running  parallel  with  and  up  ftl 
valley,  t>.  to  the  south-west  The  stones  have  travelled  no  graft 
distance,  but  here  and  there,  one  may  detect  a  fragment  of  nin 
schist,  gneiss,  quartz-rock,  and  Old  Red  Sandstone— showing  that  Ai 
moraine  matter  has  been  amassed  during  the  passage  of  the  glaois 
from  north  to  south.  I  noticed  no  material  differenoe  between  tin 
till  which  overlies  and  that  which  is  overlaid  by  the  stratified  d^ 
posits.  The  former  contains  a  few  lenticular  nests  of  earthy  nni 
and  gravel,  which  I  did  not  observe  in  the  latter ;  but  there  is  not 
so  much  of  this  last  exposed  ;  and,  moreover,  as  geologists  know,  the 
occurrence  of  such  ''  nests  "  is  common  enough  in  the  Scottish  lorn 
Boulder-clay. 

The  valley  in  which  these  deposits  are  met  with  is  a  remarbtbk 
one  in  its  way.  The  denuding  forces  which  scooped  it  out  haTd 
acted  along  the  line  of  a  large  fault  bearing  S.W.  to  N.E.,  and  oonae- 
quently  the  narrow  hollow  extends  in  a  nearly  straight  diredaon 
£rom  the  neighbourhood  of  Caldwell-house  to  Barrhead,  a  mann- 
facturing  place,  about  eight  miles  south-west  from  Glasgow.  Ilie 
southern  end  of  the  hollow  is  partly  occupied  by  a  small  lake  (Loch 
Libo),  now  much  reduced  in  size  as  may  be  seen  from  the  extent 
of  the  surrounding  alluvium,  and  the  water  drains  towards  the  south 
into  the  Lugton.  But  from  Shillford  (a  toll-bar  about  half-way  be- 
tween Caldwell  and  Crofthead)  the  water  drains  to  the  north.  It 
was  in  this  northern  division  of  the  hollow,  in  the  vaUey  of  the 
Cowdon  Bum,  near  the  farm-steading  of  Millthird,  at  a  height  of 
nearly  500  feet  above  the  sea,  where  the  remains  of  the  Bm  prim*- 
genius  were  found. 

Fig.  1 .  Sketch-section  exposed  in  the  new  railway-cutting  near  Croftbead, 
S.W.  Renfrewshire.  NJB. 
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a\.  Stiff  hard  dark  brown  till  full  of  scratched  ttonee,  and  resting  on  striated  surface  of  porphyrite. 

a«.  Till  of  much  the  same  character,  but  containing  a  few  ♦•  nct*ts**  of  sand  and  graTel. 

6.    Soft  clay,  intrrlantinated  ^ith  sand,  and  containing  occasional  beds  of  sand  and  fine  gnTeL 

p.    Ice- worn  n)ai»t»  of  rock  (porphyrite)  against  which  the  beds  h  have  been  deposited. 

X .     PoHiti<m  of  the  f^kull  of  Bon  primigmius, 

r.    Present  level  of  railway  cutting. 

The  sketch-section  (Fig.  1)  is  that  which  was  laid  bare  at  the  time 
I  visited  the  cutting ;  of  course  it  runs  parallel  with  the  valley.  The 
succession  of  events,  as  I  read  it,  is  as  follows : — First,  a  glacier 
ascends  the  valley,  polishing  and  striating  the  underlying  rocks,  and 
eventually  covering  them  over  with  its  moraine  profonde.     I  need 
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loucely  add  that  tluB  glacier  formed  only  a  portion  of  the  great  sea 
it  ioe  which  mantled  the  land  during  the  early  stages  of  the  Glacial 
period.  The  glacier  then  disappears,  and  behind  a  large  ice-worn 
nasB  of  rock  (p)  which  rises  in  the  centre  of  the  valley,  a  little  lake 
B  formed.  Into  this  lake  the  Bo»  primigenius  is  floated  by  stream  or 
hDohet.  As  the  till  further  up  the  valley  towards  Shillford  continues 
o  exhibit  intercalated  beds  of  sand,  clay,  and  gravel,  I  am  led  to  in- 
br  that  either  one  large  lake  with  a  veiy  uneven  bottom,  or  more 
jOEobably  a  series  of  small  lakes,  may  once  have  occupied  the  area  be- 
rvreen  Caldwell  and  the  spot  where  the  fossil  remains  of  the  great 
>x  'Were  obtained.  When  the  glacier  again  ascended  the  valley,  it 
ipread  its  moraine  profonde  over  the  surface  of  the  deposits  which 
sad  accumulated  in  the  lake  or  lakes.  The  slight  twisting  and  con- 
.\i8ion  of  the  bedding  observable  in  some  places  is  perhaps  due  to  the 
nressure  exercised  by  the  moving  ice.  The  junction  of  the  stratified 
yeAB  with  the  overlying  till  is  very  regular,  however,  and  forms 
learly  a  straight  line,  as  shown  in  the  woodcut.  But  anomalies  such 
\B  thiB  are  not  of  unfrequent  occurrence  in  the  lower  Boulder-clay. 


Fig.  2.  Diagrammatio  section  acro88  the  Cowdon  valley,  neir  Crofthcad. 
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a.  Lower  BoaNLer-clay. 
X .  Position  of  Bo*  prtmigenius. 


b.  Stratified  clay,  sand,  and  grayel. 
p.  Porphyrite. 


I  give  here  a  diagrammatic  section  across  the  valley,  showing  the 
position  of  tlio  drifts,  as  they  were  to  be  seen  at  the  time  of  my  visit ; 
but  as  the  navvies  are  busily  digging  away  at  the  deposit,  the  section 
will  not  long  remain  in  the  sauie  condition,  and  in  due  time  will  no 
doubt  be  rendered  as  illegible  as  orthodox  railway-cuttings  usually 
are. 

11. — ^NoTES  ON  Modern  Chemistry  and  Physics. 

By  Bernard  II.  Woodward. 

IF  any  apology  be  needed  for  the  introduction  of  these  notes  in  the 
pages  of  the  Geological  Magazine,  the  excuse  we  would  give 
is  that  geologists  are,  at  the  present  time,  being  reproached,  and 
perhaps  deservedly,  for  attempting  to  generalize  in  cases  which,  to  a 
great  extent,  depend  upon  chemical  and  i}hy8ical  actions,  without 
having  given  these  sciences  that  amount  of  study  and  consideration 
which  their  vast  importance  merits. 

Our  object  is,  therefore,  to  endeavour  to  attract  the  attention  of 
the  readers  of  this  Journal  to  what  is  going  on  in  these  departments 
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o(  science,  and  thoB,  perbaps,  to  induce  them  to  derato  a  litde  iam 
to  the  perusal  of  those  works  which  treat  of  the  modea  of  aclifli, 
and  correlation  of  the  physical  forces,  the  resitlt  of  the  reaemki 
of  Joule,  Mayer,  Faraday,  GroTe,  Tyndall,  Herscfaell,  HHieinll, 
Becquerel,  Sorby,  and  others,  who  hare  devoted  their  liTea  to  tiH 
investigation  of  these  great  problems. 

During  the  last  few  years  our  ideas  de  rerum  naturd  haTe  abcnl 
▼ery  considerably,  indeed,  have  undeigone  a  complete  levoliitHiL 
llirough  the  researches  of  modem  chemists  the  barrier  sepaiatiif 
inorganic  from  organic  chemistry  has  been  annihilated. 

In  a  comparatively  recent  chemical  text-book,  we  find  it  stalsd 
tliat  **  organic  chemical  compounds  are  those  directly  or  indirec£^ 
derivable  from  organized  bodies.  They  cannot,  except  in  very  rare 
instances  (e.ff,  urea  and  cyanogen),  be  formed  by  bringing  thdr 
elements  together,  but  must  either  be  derived  ready-made  fit>m  planti 
and  animals,  or  must  be  prepared  from  such  ready-made  substances." 
And  it  gives  us  examples  of  these  organic  bodies,  sogar,  alcohol, 
and  acetic  acid,  stating  that,  although  we  know  that  all  these  are 
composed  of  but  three  elements,  namely,  carbon,  h^^drogen,  and 
oxygen,  in  different  proportions,  "  yet  we  cannot,  in  the  laboratoiy, 
unite  these  three  elements  so  as  to  form  either  of  the  above  com- 
pounds, tliough  we  can  obtain  the  two  latter  from  the  first  by 
fermentation  or  chemical  action." 

It  was  then  supposed  that  the  elements  of  these  oi^ganic  com- 
pounds could  only  be  built  up  in  these  proportions  through  the 
agency  of  "  ^-ital  force." 

Now  sugar,  alcohol,  and  acetic  acid  can  be  produced  synthetically, 
i.e.  can  Ix)  built  up  by  the  direct  combination  of  their  elements. 

It  is  found  that,  at  a  very  high  temporature,  carbon  will  combine 
with  hydrogen,  producing  acetylene.  This  is  effected  by  producing 
the  voltaic  arc  between  carbon -points  in  an  atmosphere  of  hydrogen, 
(by  means  of  a  very  powerful  battery),  whereby  the  most  intense 
heat  with  which  we  are  acquainted  is  obtained. 

By  treating  this  acetylene  with  a  copper  salt,  cuprous  acetylide  is 
fonned  ;  from  the  latter,  by  moans  of  nascent  hydrogen,  ethylene  is 
generated,  and,  by  acting  on  ethylene  with  sulphuric  acid,  alcohol  is 
produced.  From  alcohol  it  is  easy  enough  to  get,  by  chemical  action, 
acetic  acid. 

Thus  wo  have  traced  out  the  formation  of  two  of  the  best  known 
of  the  so-called  organic  compounds  from  their  ultimate  elements, 
simply  by  the  action  of  heat,  and  the  aid  of  compounds,  like 
sulphuric  acid,  that  have  never  had  the  slightest  claim  to  be  con- 
sidered organic. 

Acetic  acid  can  also  be  formed  from  the  carbonic  disulphide, 
and  starting  with  the  acetylene  before  produced ;  but,  acting  on  it 
with  other  reagents,  succinic  and  tartaric  acids,  also  benzol  can  be 
obtained,  from  which,  by  easy  steps,  we  reach  aniline  and  toluidine, 
tlio  bases  of  the  coal-tar  colours. 

If  it  were  desirable  we  might  easily  extend  our  list  of  the  sub- 
stances formerly  considered  to  be  organic,  but  which  we  can  now 
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form  directly  from  tbeir  elements ;  but  we  think  the  instances  given 
above  are  sufficient  to  prove  that  there  is  no  natural  barrier  between 
inorganic  and  organic  compounds.  This,  it  is  needless  to  add,  brings 
ns  no  nearer  to  the  cause  of  life;  chemistry  only  deals  with  the 
combinations  of  matter. 

We  use  here  the  term  "  organic  chemistry  *'  in  its  old  sense,  i.e. 
the  chemistry  of  organic  life  as  distinguished  from  "  inorganic  "  or 
"mineral  chemistry."  Since  these  discoveries  the  term  organic 
chemistry  is  more  generally  applied  to  the  chemistry  of  carbon  and 
its  compounds. 

The  syntheses,  of  which  we  have  given  a  brief  sketch  above,  are 
chiefly  the  results  of  the  investigations  of  the  chemists  of  this 
generation.  In  such  a  short  notice  it  would  be  invidious  to  mention 
names.  For  a  more  detailed  account  we  would  refer  our  readers  to 
the  report  of  a  lecture  by  Mr.  Grevillo  Williams,  F.R.S.,  delivered 
at  the  Royal  Institution  on  the  8th  of  May  last,  on  the  "  Artificial 
Formation  of  Organic  Substances." 

In  physical  science  also,  of  late,  the  changes  in  our  conception  of 
the  nature  and  mode  of  action  of  the  physical  forces  have  been  very 
considerable.  Attraction,  motion,  heat,  light,  electricity,  magnetism, 
and  chemical  affinity,  are  now  all  considered  to  be  affections  of  mat- 
ter itself,  not  specific  entities,  as  was  formerly  supposed ;  they  are 
sometimes  called  modes  of  motion,  being  all  resolvable  either 
directly  or  indirectly  into  motion,  so  also  are  they  convertible  into 
one  another. 

In  other  words,  they  are  all  believed  to  be  the  result  of  molecular 
motion,  i.  e.,  of  the  motion  vibratory,  undulatory,  or  rotatory  on  or 
around  their  axes,  of  the  particles  of  matter.  A  molecule  is  the  term 
used  to  denote  the  smallest  quantity  of  any  substance,  either  simple 
or  compound,  which  can  exist  in  a  free  state :  thus  a  molecule  of 
common  salt  is  composed  of  one  atom  of  sodium  united  to  one  of 
chlorine;  that  of  alcohol,  of  two  atoms  of  carbon,  six  of  hydrogen, 
with  one  of  oxygen :  these  are  very  simple  forms,  some  are  much 
more  complex.  Matter  may  be  still  further  divisible  ;  those  l>odie8 
which  we  look  upon  as  elements  may  not  be  really  such :  it  is 
believed  the  medium  filling  space  by  which  light,  heat,  etc.,  arc  con- 
veyed, is  matter  in  a  more  elementary  condition. 

Let  us  examine  the  groimds  on  which  the  assumptions  are  based 
that  have  caused  these  changes  in  our  theories. 

It  is  well  known  that  there  are  vacant  spaces  between  the  particles 
of  all  matter.  Almost  all  l)odies  expand  when  heated,  and  contract 
when  cooled,  that  is  when  heat  is  taken  from  them ;  this  is  now  sup- 
posed to  be  owing  to  the  greater  molecular  motion  of  the  particles 
of  the  bodies  when  heated.  Most  substances  exist  in  three  different 
states,  solid,  liquid,  and  gaseous ;  and  it  is  believed  that  all  bodies 
would  do  so,  if  we  could  only  cool  or  heat  them  sufficiently,  except- 
ing, of  course,  those  compounds  that  decompose  before  reaching 
the  requisite  temperature. 

In  solids  the  molecular  motion  is  considerably  overbalanced  by 
molecular  cohesion :  in  fluids  these  forces  are  nearly  balanced ;  in 


898        B.  H.  Woodtcwrd— Notes  an  CAamistFy  amd  Ptyma. 

gates,  the  motion  is  so  great,  tliat  the  particles  are  mntiiallT  repdU 
within  certain  limifn- 

That  heat  and  motion  are  nearly  related  is  clear  enongfa.  for  w 
cannot  have  one  without  the  other.  In  bodies  expanding  widi  bea 
we  have  motion  ;  and  in  the  act  of  stopping  a  moving  bodj  heti  s 
generated  by  friction  or  concussion. 

It  is  one  of  the  great  axioms  of  modem  physics  tfmt  force  cannot 
be  annihilated  any  more  than  matter.  One  Tariety  of  f  tse  mtj  be 
changed  into  another  variety  of  force,  but  the  abeolate  intenaty  r> 
mains  exactly  equivalent.  Thus  if  a  body  be  allowed  to  fal£  the 
heat  and  other  forces  produced  by  the  concussion  would  be  jost  suf- 
ficient to  raise  the  body  to  exactly  the  same  height  from  which  it 
fell,  if  the  forces  could  be  completely  collected  and  economised. 

That  heat  will  produce  (-lectricity  is  shown  in  the  thermo-eleclzic 
pile,  our  most  delicate  measurer  of  heat  This  instrument  also  shovf 
that  electricity  will  produce  motion  by  the  repolsion  of  its  index,  a 
freely  suspende*!  nia^etic  needle.  Electricity  was  first  noticed  is  a 
force  that  wa.s  !nduce<i  by  motion — by  the  friction  of  amber — throngb 
its  power  of  again  inducing  motion  in  alternately  attracting  and  re- 
pelling small  fragments  of  light  substances:  the  force  expended, 
heing  partly  converted  into  heat  and  partly  into  electricity. 

Wlien  electricity  is  excited  in  any  substance  it  is  found  thit 
another  mode  of  force  is  always  simultaneously  called  into  play, 
viz.,  magnetism,  in  a  plane  at  right  angles  to  the  direction  of  the 
electrical  current.  By  this,  magnetism  shows  that  particles  have 
fixed  and  definite  attitudes  with  regard  to  one  another. 

If  a  magnet  be  moved  across  a  body  capable  of  conducting  elec- 
tricity transversely  to  the  direction  of  the  lines  of  magnetic  force, 
an  electrical  current  is  develojKjd  in  that  body,  or  if  the  magnet  be 
stationary  and  the  conducting  body  moved  in  the  same  relative  position 
to  the  magnet,  the  same  result  is  observed.  Magnetism  seems,  in  fact. 
to  be  purely  static ;  it  directs  other  forces,  but  does  not  initiate  them, 
unless  motion  be  superadded.  Through  the  mediimi  of  electricity  it 
can  produce  heat,  light,  and  chemical  affinity.  Magnetism  has  a 
most  remarkable  influence  on  light,  for  it  causes  the  plane  of  polari- 
zation to  rotate  while  passing  through  water  and  several  other 
fluid  media,  which  do  not  in  this  way  alter  the  direction  of  the 
ray  under  ordinary  circumstances. 

We  might  adduce  many  more  instances  of  this  relation  and  inter- 
dependence of  the  physical  forces,  showing  their  convertibility, 
though  this  is  not  in  all  cases  equally  apparent :  it  is  easy  enough 
to  obtain  light  by  means  of  heat,  but  the  converse  can  only  be 
eflfected  indirectly ;  light  will  induce  chemical  action,  for  instance, 
in  a  mixture  of  hydrogen  and  chlorine  gases,  and  hence,  in- 
directly, heat.  Yet  so  closely  are  they  connected  that  it  is 
impossible  to  excite,  produce,  or  disturb  one  force  without  calling 
others  into  action.  For  instance,  if  sulphide  of  antimony  be  elec- 
trified, magnetism  is  induced  at  right  angles  to  the  electriood  current 
and  it  becomes  heated  and  therefore  expands,  producing  motion,  and 
if  the  electrical  force  be  strong  enough  it  becomes  luminous  and 
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begins  to  decompose,  giving  out  light  and  overcoming  chemical 
afifinity. 

We  have  endeavoured  to  show  in  these  few  notes  how  intimately 
the  physical  forces  are  connected,  if  they  be  not  indeed  all  modifi- 
cations of  one  force. 

If  the  proper  comprehension  of  the  phenomena  of  nature  involves 
a  knowledge  of  physics  and  chemistry,  how  necessary  must  the 
■tody  of  these  sciences  be  to  every  geological  student  who  diligently 
seeks  to  understand  the  ''  Testimony  of  the  Rocks." 

Every  effect  produced,  however  vast,  or  however  limited  in  extent, 
is  but  the  exhibition  of  the  direct  action  of  some  physical  force, 
inducing  also  in  very  many  cases  chemical  change. 

The  sun's  heat  converting  water  into  vapour;  the  winds  con- 
veying the  rain-doud  from  one  region  to  another;  the  tides  and 
currents  of  the  ocean;  the  degrading  and  transporting  action  of 
ice  and  snow,  rain  and  rivers,  upon  land-surfaces ;  the  re-elevation  of 
the  ocean-bed  by  subterranean  force ;  the  deposition  from  solution 
or  otherwise,  of  mineral  matter  in  a  crystcdline  form  in  lodes  and 
veins ;  the  segregation  of  mineral -matter  (originally  diffused  through 
strata)  into  layers,  nodules  and  concretions  ;  the  phenomena  of  vol- 
canoes and  thermal  springs  ;  these  and  ten  thousand  like  illustrations 
might  be  offered  of  the  effects  of  physical  force  (with  or  without 
chemical  action),  operating  around  us  continually. 
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Greensand  at  XJpware. 

By  J.  F.  Walkbr,  B.A.,  F.O.S.,  etc. 

(PLATES  XVIII.  AND  XIX.) 

1HAVE  in  previous  papers  given  some  account  of  the  remark- 
able Lower  Greensand  deposit  at  Up  ware,*  and  have  also  de- 
scribed three  new  species  of  TerebraduLida^  from  this  locality. 
Having  obtained  additional  specimens  of  the  rarer  forms,  and  several 
new  species,  and  having  received  many  valuable  suggestions  from 
Mr.  Davidson  and  Mr.  Meyer,  I  propose  in  the  present  paper,  first 
to  describe  some  of  the  new  species,  then  to  make  a  few  remarks  on 
the  numerous  species  of  Brachiopoda  which  occur  in  this  deposit,  and 
finally  to  indicate  their  distribution  in  the  Lower  Greensand  deposits 
of  this  country. 

Li  the  field  which  is  at  present  worked  at  Upware,  there  are  found 
very  few  of  the  remarkable  sponges,  such  as  Verticillites  aiuwto- 
mosanSf  Manon  macropora,  etc.,  which  occurred  so  abundantly  in  the 
field  which  was  being  worked  when  I  first  gave  a  short  account  of 
the  bed.     The  section  in  May,  1868,  was  as  follows  : — 

D&nQ  a*.         ...         ..•         ...         ...        ..•        ...        .••         ••*         .*•  YZlV* 

Coprolitic  bed    ... ...     •.•        o%n. 

Clay    •    ••    ^^  pierc6Q. 

»  Vide  Geol.  Mao.,  1867,  Vol.  IV.,  p.  809,  etc. 

«  Vide  Gbol.  Mao.,  1S67,  Vol.  IV.,  p.  464,  PI.  XIX. 
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be^.w^Ti  -L***:  f  .r::.'  sit^  §.:■  PTrlsdn^.  thix  I  ww  mi  first  incSiiied  to 
rt^^ri  iL^zz.  i*  c:r.<ir:Tir.z  r»o  specks,  nanl  the  diacoT-eiy  of  izoff- 

4iv.T=-:..4r.':T  iii  :Lrir  s^ ►:':':.  T&rv  were  to  be  re^-aided  as  one: 
I  Livfr,  L-wever,  ciiidi-rr**!  it  denrabie  u>  grre  iv&mes  to  tlietwo 
for?r>. 

W.  mvt/iUI:$. — SLell-nrface  siDfXiik.  Teiy  slighdj  marked  by 
fain;  liii**  of  j^TOwtL  I^ik  shcTL  nearlv  straight,  u-iincat«d  bv'i 
small  triangnLir  f:ramen:  l:"e«k  ridgw  moderately  well  de£iKd, 
space  V^tweeii  the  ridjre*  and  binge-line  nearlv  flat :  deltidiom  lai^. 
in  two  piece* ;  Icrop  long,  front  margin  not  plicated  or  waved. 

Var.  or  Jitib-sp.  W.  eUiptica,  PL  XIX-  Fig.  4.  -la-l^.  Sbell 
ovate,  its  e'lge*  &liaq».  Ixjtb  valres  are  nearly  flat  but  slightlv  convex 
towanis  thel^rak.  Dimensions:  length.  l*37o  inches;  breadth,  l'l2o 
inches ;  tljickness.  'OliO  inches. 

Var.  or  sub-sp.  W.  angmta.  PL  XIX.  Fig.  o-oa.  Shell  very 
much  f:\<)U^'iUA,  very  narrow  compared  with  its  length,  both  valvw 
moderate!}'  r;r,nvex.  Uimensions  :  length,  1*42  inches;  breadth. 
•75  inches ;  tliickness,  '42  inches.  The  var.  W,  dliptica  approaches 
nearest  to  some  forms  of  T.  depressa,  from  which  it  can  be  readily 
diKtingiiishe^l  by  the  loc»p,  by  the  smaller  size  and  triangtilar  form 
of  the  foramen,  and  by  the  deltidium  being  in  two  pieces.  The  var. 
W,  nnguBia  is  well  distinguished  from  W.  eeltiea  by  its  nearly 
straight  Ijeak,  and  by  being  narrower,  etc.  From  T.  extensa  by  ite 
looj),  etc. 

Waldheimia  rhomhoideaj  sp.  n.  PL  XVIII.  Figs.  3,  3a.,  36.  and  4. 
— Shell  elongate,  widest  near  the  middle  of  the  shell,  thence  gra- 
dually narrowing  towards  both  extremities,  so  as  to  acquire  a  some- 
what rhonilioidal  form.  Beak  incurved,  truncated  by  a  moderate- 
sized  fonimen.  Beak  ridges  sharp,  space  between  the  ridges  and 
hinge-lino  cf^ncave ;  deltidium  in  two  pieces.  Shell  surface  smooth, 
marked  by  faint  concentric  lines  of  growth.  Both  valves  regularly 
<3onvox,  frontal  margin  not  plicated,  loop  long.  Dimensions  :  length 
•94  iiK^hes  to  •025  inches ;  breadth  •625  inches  to  "5  inches ; 
thick noHH,  •S  inches  to  '375  inches.  This  species  approaches  nearest 
to  ir.  Morrisii  Meyer  and  17.  tamarinduB,  Sow.  It  may  be  dis- 
tinguished from  W.  Morrisii  by  its  peculiar  elongated  form  tapering 

*  Rhj  notice  by  Mr.  Ilonry  Keeping  (the  intelligent  assistant  to  Prof.  Sedgwick  in 
ihfl  Woodwfinlian  Museum)  in  the  Gbolooical  Magazine  for  June  last  (p.  272) 
of  the  succession  of  heds  in  ike  Upware  deposit,  accompanied  by  a  woodcut 
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from  the  middle  of  the  shell  to  the  front  margin,  by  its  valves  (espe- 
cially the  dorsal)  being  more  convex,  and  by  the  sides  of  the  shell 
being  more  rounded.  From  W,  tamarindus  it  differs  by  its  more 
elongated  form,  and  Mr.  Meyer  informs  me  that  its  loop  resembles 
that  of  W.  Morrxsii, 

Terehrattda  Meyeri,  sp.  n.  PL  XIX.  Fig.  6. — Shell  somewhat 
ovate,  inflated,  greatest  thickness  near  the  middle  of  the  shell. 
Shell-surface  smooth,  strongly  marked  by  concentric  lines  of 
growth,  beak  short,  incurved  and  depressed,  truncated  by  a  large 
foramen,  whoso  transverse  diameter  is  generally  the  greater.  The 
foramen  is  separated  from  the  hinge  line  by  a  wide  but  shallow 
deltidium  in  one  piece ;  beak  ridges  inconspicuous.  Ventral  valve 
increasing  regularly  in  convexity  from  its  sides  to  its  centre.  Dorsal 
valve  increasing  in  convexity  both  from  its  sides  and  also  from  the 
beak  and  front  margin  nearly  to  the  central  point  of  the  shell. 
Both  valves  slightly  taper  towards  the  front  margin  ;  which,  in  some 
specimens,  is  almost  straight,  giving  the  shell  a  slightly  pentagonal 
form.  This  last  character  is  more  marked  in  some  specimens  than  in 
others ;  the  front  margin  is  slightly  flexuous  and  not  plicated  ;  loop 
short.  Dimensions:  length,  1*42  inches;  breadth,  '96  inches; 
thickness,  *83  inches.  This  shell  is  readily  distinguished  by  its 
shape  from  other  Cretaceous  Terehratula.  I  have  dedicated  this 
species  in  compliment  to  C.  J.  A.  Meyer,  Esq.,  who  has  added 
much  to  our  knowledge  of  Cretaceous  Brachiopoda. 

Terehratula  mtcrotremay  sp.  n.,  PI.  XIX.  Figs.  7  and  8. — Shell 
somewhat  ovate,  widest  towards  the  frontal  margin,  much  com- 
pressed at  the  sides.  Beak  ridges  rounded,  beak  short,  truncated 
by  a  large  foramen ;  separated  from  the  hinge  line  by  a  wide  but  very 
shallow  deltidium  in  one  piece;  ventral  valve  slightly  convex  to- 
wards the  beak,  becoming  flattened  towards  the  front  margin,  much 
compressed  at  the  sides ;  dorsal  valve  slightly  convex  near  the  beak, 
sides  somewhat  flattened.  Frontal  margin  more  or  less  plicated,  the 
ventral  valve  having  an  elevation  on  each  side  of  the  centre,  inter- 
locking with  the  ventral  depression  or  furrow  of  the  dorsal  valve. 
These  elevations  and  depressions  are  sometimes  nearly  wanting,  so 
that  the  frontal  margin  is  only  a  little  undulated.  In  most  adult 
specimens  the  plications  become  greatly  developed,  deeply  interlock- 
ing ;  and  the  front  of  the  ventral  valve  shows  a  strong  central  ridge 
with  a  shallow  furrow  on  each  side  of  it.  Loop  short.  Shell  struc- 
ture very  peculiar,  having  but  verj'  few  and  small  perforations, 
(Woodcut,  Fig.  3.)  Dimensions ;  length,  1*17  inches ;  width,  '83 ; 
thickness  varies  from  '625  to  '75  inches. 

Tlie  plicated  specimens  approach  nearest  to  T.  pralonga;  from 
which,  however,  the  species  may  be  at  once  distinguished  by  its 
peculiar  shell-structure.  It  is  also  more  compressed  at  the  sides,  the 
foramen  is  more  approximated  to  the  hinge  line,  and  the  beak  is  shorter. 
It  is  well  distinguished  from  T,  hipltcata  by  its  shell  structure  and 
general  shape.  The  forms  in  which  the  plications  are  less  conspicu- 
ous approach  most  nearly  in  appearance  to  T.  extensa,  but  they 
differ  from  that  species  in  shell  structure,  in  being  wider,  and  in  the 


¥.Q  WaUur—Gnauamd  BrmeUofoda. 

T*ctnl  ralre  Vin^  fljocsed  tawaHi  tke  front  siargin.  T  ongiid^ 
frlKie-i  Ks>«  of  tLe  spediC'tii*  'I'd  vhkfa  I  tound  tbim  qMoea  moii 
the  Tftn«:K«  r.r  r.  pr^ot'ja.  ftnd  oUkis  unonp  thoce  ^  T.  iitfu 
Mr.  A.  Wkcklvn  hATi:^  kixllr  nude  fi>T  me  come  Miicnmfk 
pRpanriv^j  of  the  iL^lls  of  T«r«&rahJMlc  bom  the  depoot  ■ 
U[>wftr%,  we  found  xhM  ifa«e«  docl-tfnL  qmsraens  preimited  xfttt 
liftT  uid  accorrUnt  itracnre.  qaiu  disdact  Erom  that  of  both  T.  atam 


and  r.  pral^mya.  In  all  the  ipecimeni  of  oil  fonns  of  thu  Bpecin 
which  we  hiive  es&mmcd.  the  shell  has  ver;  small  and  widelj 
Mparate<l  jit-rforAtioiiP.  as  shown  and  contrasted  with  the  strnctnieof 
T.  eitenta  and  T.  pralonga  in  'Woodcnt,  Fig.  3. 

Terihratida  LanlnUri,  sp.  n.  PI.  XIX.  Fig.  2.  —  Shell  ovate, 
elongate,  tajM'ring  towar>Is  the  beak,  rounded  towardB  the  front 
margin.  Dorsal  valre  moderately  convex,  widest  near  ita  middle. 
Ventral  valvtj  very  much  iiTched,  widest  near  the  middle,  bent  almost 
nt  a  riglit  angle  near  the  front  margin,  and  tapering  cunsiderabl; 
lowarilstlif;  )K.-ak ;  heaV  very  much  incurred,  truncated  by  a  large 
foruni';ui  deltidium  moderately  wide  but  very  shallow,  in  one  piece; 
iKaik-ridgcrs  ill  define<l ;  front  margin  of  the  valves  flexuous.  Shell- 
BurfHCO  tniirked  by  fine  longitudinal  strisc  on  both  valves,  and  -with  con- 
centric lincKof  growth;  loop  probably  short.  Shell  structiire, — the  per- 
fiirations  arc  smaller  and  wider  apart  than  in  T.pTalonga.  liiia  species 
may  bo  distiiiguisliwl  from  T.  pralonga,  by  its  surface  being  covered 
wiUi  fine  striie,  by  its  more  oval  shape,  tho  absence  of  plications  at 
the  front  margin,  the  tendency  of  the  front  margin  to  become  inflated, 
by  its  sli'.'ll  Htructurc,  by  its  beak  being  more  incurved,  and  by  the 
dcltidium  l>cing  sliallower.  FriHn  T.  Dallatii  it  differs  by  being  longer 
and  more  oval,  and  by  its  striutcd  snrface.  From  T.  eapillala,  by  being 
wore  clongiitcd,  by  its  vcntra>  valve  being  more  tapering  towards 
the  beak,  by  tlie  dorsal  valve  being  less  convex,  and  by  ita  beak 
being  longer.  The  specimen  here  figured  was  obtained  by  Mr.  N. 
Mooro,  of  St,  Catherine's  College,  Cambridge,  who  kindly  gave  it  to 
me.  Dimensions:  length,  1.025  inchos;  breadth,  1  inch;  thick- 
ness, 1.04  inclies. 

A  sniuU  s])ecimcti  iigurod,  Fl,  XIX.  Fig.  3,  is  probably  a  yoong 
oxam])Io  of  T.  Lanktiltri.  It  exhibits  tlie  same  general  outline  of  the 
vcutrul  valve,  and  tho  surface  is  covered  in  the  same  way  with  fine 
longitudinal  striaj.  Dimensions:  length,  11  inches;  breadth,  ■76 
inches  ;  greatest  thickness,  -375  inches.  I  have  much  pleasure  in 
naming  this  apeoies  after  E.  liay  liankeater,  Esq.,  B.A. 
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T  add  the  following  notes  on  the  other  speoies  of  Braehiopoda, 
which  have  been  found  in  this  deposit-. 

TerehraUda  praUmga,  Sow.  (Geol.  Trans.,  2nd  series,  vol.  iv., 
pi.  xiv.,  fig.  14). — PI.  XIX.,  Fig.  1.  This  species  was  found  not 
uncommonly  in  1867,  but  appears  to  be  rare  in  the  field  that  is 
at  present  worked.  The  largest  specimen  that  I  have  obtaified  of 
this  species  measures :  length,  2-08  inches ;  breadth,  1.08  inohee ; 
thickness,  1-125  inches. 

T,  Dutempleana,  d*Orb. — I  have  obtained  some  specimens  which 
appear  to  belong  to  this  species. 

T,  Moutoniana,  d'Orb.  PL  XVUL,  Fig.  6.— This  species  appears 
to  be  the  true  T.  MoiUoniana,  d*Orb.  Mr.  E.  R.  Lankester,  in  the 
Geologist,  vol.  vi.,  p.  414,  stated  that  he  had  identified  a  fossil  from 
the  Lower  Greensand  of  the  Isle  of  Wight  as  belonging  to  this 
species,  which  has  since  been  described  by  Mr  Meyer  as  WcddheinUa 
Morrtaiiy  in  the  Geological  Magazine  for  June  (p.  268).  The  true 
T.  Moutoniana  of  d'Orb.  being  a  Terebratula. 

The  following  is  a  translation  of  d'Orbigny's  description  of  this 
species,  with  which  my  specimens  agree : — **  Shell  oval,  depressed, 
elongated,  narrowed,  and  obtuse  in  the  cardinal  region,  widened  and 
truncated  in  the  pallial  region,  entirely  smooth,  or  with  radiating 
strisB ;  superior  valve  (ventral  valve)  larger  and  more  convex  than  the 
other,  much  arched,  with  the  apex  strongly  recurved  and  truncated, 
the  sides  not  keeled;  its  pallial  region  is  slightly  prominent  as 
if  truncated.  Inferior  (dorsal)  valve  convex  in  the  middle,  de- 
pressed at  the  sides.  Foramen  large,  furnished  with  a  very  short 
deltidium.  Lateral  commissure  of  the  valves  much  arched,  recurved 
towards  the  base  at  its  extremity.  Pallial  commissure  very  sinuous 
to  the  middle,  which  is  nearly  straight,  then  elevated  laterally  to  be 
again  depressed."  This  species,  according  to  d'Orbigny,  is  most 
nearly  allied  to  T.  sella,  from  which  it  differs  in  the  want  of  the 
double  folds  at  its  pallial  extremity.  It  differs  from.  T.  externa  in  its 
greater  convexity,  and  the  depression  of  the  sides  of  its  dorsal  valve, 
and  by  its  width  being  greater  in  proportion  to  its  length.  From  T, 
Meyert,  it  may  be  distinguished  by  its  dorsal  valve  being  depressed 
at  the  sides,  and  more  unequally  convex,  by  its  beak  being  longer 
and  not  so  broadly  truncated.  It  is  easily  distinguished  by  its  short 
loop  from  W.  Morrisii,  which  is  also  a  flatter  shell.  I  have  observed 
on  some  few  specimens  traces  of  tKe  striaa  which  d'Orbigny  states 
occasionally  occur.  Deformed  specimens  are  sometimes  met  with. 
Dimensions:  length,  1*3  inches;  breadth,  '875  inches;  thickness, 
•75  inches. 

Terebratula  sella.  Sow.  PI.  XVIII.  Fig.  7.— This  shell  abounds 
at  Upware,  where  several  varieties  are  met  with.  I  have  figured  one 
of  these,  which  occurs  in  great  numbers  in  this  deposit.  No  speci- 
mens of  this  shell  have  yet  been  found  in  the  Potton  conglomerate. 

Terebratula  depressa,  Lamk. — The  specimen  here  figured,  PL  XVIII. 
Fig.  2,  agrees  in  all  respects  with  those  obtained  from  Toumay. 
This  species  attains  to  a  very  large  size  at  Upware.  I  possess  a 
specimen  which  measures  in  length  2*8  inches ;  breadth,  2*5  inches ; 
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thickness,  1*1  inches ;  but  in  the  Woodwardian  Hnsenin,  Oambiidge, 
there   is  a  larger  specimen,  which   was  obtained    by  Mr.  Hemy 
Keeping,  who  kindly  gave  me  its  dimensions.     Xjengtib,  3-3  indies; 
breadth,    2*8    inches ;    greatest    thickness,     1*5     inches.      1  have 
se^iarated  the  convex  specimens  of  this  species,  'which  ha^e  a  abort 
and  rounded  beak  as  a  variety  or  sub-species,  under  the  name  of  T. 
depressa  var.  cyrto,  PL  X^^II.   Fig.  1.     Shell  convex,  inflated,  widdi 
and    length    nearly  equal,    becoming  flatter   tovrards   the  fronlal 
margin  ;  beak  short,  rounded,  truncated  by  a  large  foramen.    Beak 
ridges  ill-defined  ;  deltidium  in  one  piece,  wide,  but  shallow.   Tentnl 
valve  globose  ;  dorsal  valve  very  globose  towards  the  beak.    Frontal 
margin  not  plicated,  the  valves   slightly  flexnous.     Shell  snxfaoe 
smooth,  slightly  marked  by  concentric  lines  of  growth.     Loop  sliort 
Dimensions :  length,  l*7o  inches;  breadth,  1*625  inches;  thickness. 
1'04  inches. 

This  variety  occurs  at  Upware  and  at  Potton  along  with  the  typical 
form,  from  which  it  difiers  by  its  greater  convexity,  by  its  beak 
being  shorter  and  more  rounded,  and  by  its  deltidium  being  modi 
shallower. 

T.  DaUasii,  nobis,  (Geol.  Mag.  Tol.  IV.  p.  465,  PI.  XIX.  Fig.  1.).— 
Since  I  descril^ed  this  s]>ecics,  I  have  obtained  specimens  of  larger 
dimensions.  Length,  1*33  inches;  breadth,  1*12  inchea;  thickness, 
*92  inches.  A  single  ventral  valve  measures:  length,  1-5  inches; 
breadth,  1*25  inches. 

This  8i>ecies  differs  from  globose  specimens  of  W.  tamarindMy 
with  which  it  has  been  comj)ared,  in  having  its  deltidium  in  one 
piece,  its  l>eak  ridges  ill-defined  and  rounded,  and  the  space  between 
them  and  the  hinge  line  not  concave  ;  the  foramen  is  also  larger.  A 
specimen  jiresented  by  me  to  the  York  Museum  has  been  cut  open 
by  Mr.  Dallas,  who  found  that  it  has  a  short  loop,  somewhat  resem- 
bling that  of  T.  depressa,  to  which  this  species  is  certainly  most 
nearly  related. 

T.  extensa,  Meyer.  PI.  XVIIT.  Fig.  5. — This  species,-— described 
by  Mr.  Meyer  as  occurring  at  Godalming,  in  the  Geol.  Mag.  Vol.  I., — 
occurs  also  at  Upware,  where  it  attains  a  large  size,  agreeing 
with  the  Gotlalming  specimens  in  form  and  in  shell -structure.  Some 
varieties  of  tliis  species  approach  somewhat  in  form  to  IT.  celtica, 
but  have  a  short  loop.  Dimensions:  length,  1*1G  inches;  width, 
•6G  inch  ;  thickness,  '56  inch. 

Waldheimia  Woodwardi,  nobis.  (Gkol.  Mag.  Vol.  IV,  PI.  XIX. 
Fig.  3.) — I  have  obtained  several  more  specimens  of  this  species;  the 
largest  measures:  length,  1*58  inches;  breadth,  "875  inch;  thick- 
ness, -75  inch ;  the  smallest  specimen :  length,  *75  inch ;  breadth, 
•45  inch ;  thickness,  -370  inch.  The  dorsal  valve  of  this 
specimen  is  deeply  channelled.  The  peculiar  shape  of  the  ventral 
valve  appears  to  be  constant ;  the  deltidium  is  in  two  pieces ;  the 
dorsal  vfdve  is  generally  much  more  grooved  than  in  the  specimen  I 
figured.  Since  I  described  this  species  I  have  seen  its  loop,  which 
extends  nearly  to  the  front  margin.  This  species  is  easily  distin- 
guished from  specimens  of  W,  celUca  by  the  shape  of  its  dorsal 
valve,  etc. 
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WaMheimia  tamarindus,  Sow.,  var.  magna,  Plate  XIX.,  Figs.  9  and 
10. — This  species  varies  considerably  in  form»  Some  specimens  are 
more  globose  than  others  ;  some  assume  a  somewhat  pentagonal 
shape.  Most  of  the  varieties  found  in  the  Isle  of  Wight  occur  at 
TJpware,  but  the  nature  of  the  latter  locality  appears  to  have  been 
favourable  to  their  greater  development.  Mr.  E.  R.  Lankester 
and  Mr.  Meyer  having  kindly  given  me  numerous  specimens 
of  this  species  from  the  Isle  of  Wight,  I  have  been  enabled  to 
compare  them  with  the  TJpware  specimens,  which  to  differ  only 
in  their  larger  size.  I  have  figured  two  forms.  Dimensions  of  figured 
specimens:  length,  1*04  inches  and  1*08  inches;  width,  '97  inch; 
thickness,  *69  to  *63  inch.  This  species  is  the  one  which  occurs  at 
Potton,  in  the  greatest  abundance,  where  it  attains  its  greatest  size. 

Waldheimia  ceHica,  Morris. — I  am  not  certain  that  any  true 
specimens  of  this  species  have  yet  been  found  at  Upware,  but  I 
have  one  or  two  which  somewhat  resemble  it. 

Waldheimia  paeudo-jurensia,  Leym.  PL  XVIII.,  Figs.  8,  9,  10, 
and  11. — ^The  specimens  which  I  have  referred  to  W,  pseudo-jurensia, 
have  recently  been  found  at  Upware,  in  considerable  abundanoe. 
This  species  varies  in  thickness,  shape  of  the  front  margin,  etc. 
The  specimens  appear  to  agree  closely  with  Leymerie's  figures. 
Mr.  Meyer  informs  me  that  he  has  found  specimens  of  a  shell  some- 
what resembling  this  at  Oodalming,  but  he  had  referred  it  to  T. 
Boidjeiy  d'Arch.  I  have  figured  two  or  three  varieties.  Dimensions : 
length,  -875  inch  to  1  inch ;  breadth,  '625  inch  to  '66  inch ;  thick- 
ness, '44  inch  to  '5  inch. 

Waldheimia?  Davidsoni,  nobis.  (Gkol.  Mao.  Vol.  IV.,  p.  454, 
PL  XIX.,  Fig.  4.) — Mr.  Meyer  informs  me  that  he  has  found 
specimens  of  this  species  at  Godalming,  in  Surrey.  He  has 
succeeded  in  obtaining  a  good  view  of  the  loop,  and  says  that  it 
is  doubly  attached,  *'  but  differs  slightly  from  the  ordinary  form  of 
Terehraiella,  in  that  the  extremity  of  the  reflected  portion  of  the 
loop  almost  touches  the  septum."  The  species  will,  therefore,  pro- 
bably, have  to  bo  named  Terebratella  Davidaoni. 

Terehratella  Fittoniy  Meyer. — This  shell  is  extremely  abundant  at 
Upware.  It  varies  in  form,  in  the  degree  of  convexity  of  the  dorsal 
valve,  in  the  beak  being  more  or  less  recur\'ed,  and  in  the  fineness 
and  closeness  of  its  ribs.  The  Godalming  specimens  appear  to  be 
generally  more  coarsely  ribbed  than  those  from  Upware. 

Bhynchonella. — Of  this  genus,  I  have  identified  the  following 
species  :  — R.  Gibbsianay  Sow. ;  R,  parviroatria,  Sow. ;  B.  depreasa, 
Sow. ;  R.  antidichotomaf  Buv.  ;  R.  lata,  d*Orb. 

I  have  arranged  them  in  the  inverse  order  of  their  rarity.  At 
Potton  R.  antidichoioma  and,  I  think,  R.  depreaaa  and  R,  lata  occur. 

Besides  these  species  which  I  have  determined,  there  are  some 
doubtful  forms.  This  bed  is  indeed  very  remarkable  for  the  number 
of  species,  and  also  for  the  abundance  of  individual  specimens  found 
in  it;  the  latter  circumstance  is  associated  with  very  considerable 
amount  of  variation,  and  the  specimens  generally  attain  a  large  size. 
This  is  due,  no  doubt,  to  the  nature  of  the  deposit,  as  a  largo  supply  of 
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*  I  nm  indc])tiKl  to  tb(«  kindncm  of  Mr.  M(Tor  for  a  list  of  the  species  found 
Uodalniiiif^,  and  alao  for  Rpccinicns  from  that  deposit. 

*  Thifl  HMKrieH  was  discovered  by  Mr.  £.  B.  Lankester  in  the  Lower  Greensaxid 
Isle  oT  Wight. 
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DESCKIPTION  OF  PLATES  XVUI.  &  XIX, 

PLATE  XVin. 

Fig.  1-16.  Tfrebratuia  deprtsta,  var.  eyrta, 
2-2a.  T.  depresaay  Lamk.  typical  form. 
3-36.  W.  rhomboidea,  sp.  n. 
4.   If.  rhomboideaj  large  specimen. 
5- 5a.  T.  extensa^  Meyer. 
6-6^.  T.  Mautonianoy  d'Orb. 
7-7*.  T,  aelloy  Sow. 
8-86.  W,  pseudO'jurenaUy  Leym. 
9,  10,  11.  W,  pseudo'jurensis,  Leym.    To  show  different  forms. 

PLATE  XIX. 
Fig.  1.  T,  pralongoj  Sow. 

2-23.  T.  Lankenteriy  sp.  n. 

3-3a.  T.  Zankesteri,  sp.  n.  jnn. 

4-46.  W,  mutabilia,  sp.  n.  var.  iUiptiea, 

6-6a.  W.  mutabiliSf  sp.  n.  var.  anguita, 

6-6*.  T,  Meyeri,  sp.  n. 

7-7<?.  T,  mierotremay  sp.  n. 

8- 8a.  T.  mierotrema,  sp.  n. 

9.  T.  tamarinduSf  Sow.  yar.  magna, 

10-10*.  JT.  tamarindusy  Sow.  var.  magna, 

I  have  presented  to  the  British  Museum  the  specimens  figured  in  illustration  of  this 
and  my  former  paper. — J.  F.  W, 

rV. — On  Roslyn  or  Roswell  Hill  Clay-pit,  neab  Ely.* 

By  the  Key.  0.  Fisheb,  M.A.,  F.G.S. 

ROSLYN  or  Roswell  Hill  Clay -pit  has  long  been  a  standing  puzzle 
to  Cambridge  geologists.  I  have  visited  it  several  times,  and 
have  notes  upon  it  made  in  1853  and  in  1856.  I  was  there  in 
November,  1866,  having,  by  Professor  Sedgwick's  permission,  the 
the  assistance  of  Mr.  H.  Keeping. 

The  pit  is  probably  well  known  to  yon.  It  covers  several  acres 
of  ground,  and  extends  in  a  direction  N.W.  and  S.E.  The  material 
has  been  used  for  the  purpose  of  making  up  the  banks  in  the  fens, 
and  the  section  is  comparable  to  that  of  many  natural  cliffs. 

The  northern  side  of  the  pit  is  occupied  by  horizontal  Kimmeridge 
clay,  which  is,  or  used  to  be,  capped  here  and  there  by  a  thin 
covering  of  Lower  Green-sand.  At  the  western  end  of  the  pit 
Boulder-clay  of  a  typical  character  abuts  against  the  Kimmeridge 
clay,  the  plane  of  junction  running  nearly  east  and  west,  and  dipping 
at  a  high  angle  under  the  Boulder-clay.  The  southern  side  of  the 
pit,  as  at  present  exhibited,  shows  a  blueish  grey  Cretaceous  clay, 
flanked  at  either  end  by  nearly  vortical  Chalk-marl,  which  becomes 
somewhat  argillaceous  towards  the  eastern  end  of  the  pit.  The 
Chalk-marl  and  clay  are  evidently  in  true  sequence. 

The  question  which  I  propose  to  discuss  relates  to  the  singular 
collocation  of  these  several  beds. 

^  Read  before  the  Cambridcfe  Philosophical  Society.  As  this  paper  was  somewhat 
severely  criticised  by  Mr.  Seeley  in  our  last  No.  (p.  347),  we  gladly  avail  ourselves  of 
the  author's  permiseion  to  reprint  it  here. — ^£dit. 
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I  will  first  of  all  consider  the  pieaenoe  of  the  Chalk-msil  udAe 
cliy  C'li  the  n onhem  side  of  the  pit. 

i  have  said  thev  are  clearly  in  sequenoeu  Their  jnnctkm  is  per- 
fectly naturil.  The  Chalk-marl  becomes  sandy,  and  oontanu  a  lew 
f!C^n**r^l  r.--lules  of  ph:«phate  of  lime,  urith  some  of  the  fonhtf 
the  Upi«er  Green-sand  usual  in  the  neig^hboorfaood  of  Cambzid^ 
and  then  the  cl  tv  succeeds.  The  character  of  the  beds  here  his  bea 
BO  well  de^'::^i>»r•l  by  Mr.  Seeley,*  that  I  need  not  say  more  abort 
them,  exf.-ept  that  I  think  it  open  to  question  ^whether  the  day  ii 
really  G^iult.  There  is  about  Cambridge  a  band  of  clay  in  the  lows 
part  of  the  Chalk,  which  was  well  shown  in  the  construction  of  dtt 
waterworks  at  Cherryhintun,  and  I  am  rather  inclined  to  ^hink  t^ 
the  Kly  clrty  belongs  to  the  same  bed.  I  recollect  phosphatie 
ncduk'!)  «yx*urrin^  in  connection  with  it  at  Cherrvhinton.  I  W^ 
the  abundriiice  of  shells,  and  especially  of  PemaJ^  ul  the  EIt  day, 
rather  militates  against  its  being  Gault,  but  I  merely  thiow  this  out 
as  a  sunrrrestion.' 

BoKixa  BT  Mk.  Docwra  at  Cherrthentox  Watkrworks  xotsd  DC  1854. 

ft.  in.   ■  ft.  a. 

"Soil 1    0      Clonch     6   0 

Plastic     29    0      Sand 0    8 

Upper  Gret'D-sand  with  fussili      0  10      Gaalt  not  pierced     4^   0 
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I  visited  the  spot  and  found  Belemnites  in  the  "  Plastic,"  and  co- 
l>rolitos  from  t\w  supposed  Upi)er  Grecnsjind.  From  a  subseqaent 
cutting  made  to  convey  water  from  near  Mr.  Okes's  house.  I  recol- 
lect observing  that  tlie  above-mentioned  "  plastic"  was  a  stratum  in 
the  clunch.  This  section  makes  a  coprolite  laj-er  beneath  the  claj. 
There  may  also  l>e  one  above  it. 

At  any  rate  we  may  look  at  the  Chalk  and  clay  near  Ely  as  a 
single  mass,  and  whatever  accounts  for  the  presence  of  one  will 
equally  account  for  the  other.  In  short  they  are  a  large  mass  of 
Cretiiceous  l>eds  in  a  nearly  vertical  i>osition,  with  Boulder-clay 
abutting  uik)U  them.  The  curved  lines  of  junction  as  seen  in  the 
section  are  nothing  more  than  the  curves  formed  by  the  intersection 
of  the  surface  (»f  the  workings  with  a  nearly  plane  surface  of  junction 
})etween  the  Chalk  and  the  Gault,  dipping  at  a  very  high  angle 
towards  the  north. 

Now  there  are  two  ways  of  accounting  for  the  presence  of  this 
Cretaceous  mass.  It  is  either  brought  up  by  a  fault  with  reference 
to  the  Boukler-clay,  but  down  with  reference  to  the  Kinimeridge,  or 
else  it  is  a  huge  boulder,  forming  as  much  an  integral  i)art  of  the 
Boulder-clay  as  any  block  of  Oolite  or  flint  which  it  contains. 

Mr.  Sceley  appears  to  consider  it«  presence  best  accounted  for  by 
a  fault,  but  I  think  I  shall  be  able  to  show  that  the  other  is  the 
more  probable  explanation. 

*  Geul.  Mao.,  Vol.  II.,  p.  629. 

'  At  ii  RubK(M)ucnt  visit,  20  April,  1867,  I  saw  the  Lower  Grccn-sand  in  sequence 
to  thin  clay,  which  would  make  it  the  true  Gault.  In  another  part  of  the  pit  the 
Gault  reposed  on  Boulder-clay  with  Chalk  pehbles. 
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And  to  clear  away  any  possible  a  priori  objection  drawn  from 
the  magnitude  of  the  mass,  I  would  beg  to  remind  you  that  Chalk 
lx>ulders  occur  in  the  Norfolk  drift  so  large  that  quarries  and  lime- 
kilns are  worked  in  them. 

The  following  is  an  extract  from  a  letter  by  the  Rev.  John  Gunn : — 

Irstead,  Dee,  10,  1866. 

**  Of  the  masses  of  Chalk  you  enquire  about,  that  near  Castle 
Hising  is  now  exhausted  and  used  for  top-dressing  land.  Only  the 
large  flints  remain  to  prove  that  the  mass  belonged  to  the  Upper 
Chalk  which  does  not  remain  anywhere  in  that  part  of  West 
Norfolk. 

"  The  largest  detached  mass  I  know  of  is  between  Cromer  and 
Overstrand.  I  do  not  know  the  precise  boundary  of  the  parishes. 
It  has  been  for  years  used  for  lime  and  a  kiln  is  on  the  premises. 
Mr.  Prestwich  as  well  as  myself  noticed  a  layer  of  sand  beneath  it , 
( Ohs,  They  evidently  looked  for  proof  that  the  mass  was  not  in 
9%tti,  showing  how  nearly  it  simulated  a  natural  bed  of  Chalk.)  In 
several  places  north  of  Cromer,  from  that  place  to  Sherringham,  are 
large  masses  of  bouldered  Chalk,  proved  to  be  so  by  the  underlying 
beds.  On  the  south  side  also,  at  Barton  and  Happisburgh,  there 
were  some,  but  they  have  been  all  washed  away.  In  North  Walsham, 
Worstead,  and  Witton,  large  bouldered  masses  have  from  time  to  time 
been  worked,  either  for  making  lime  or  for  top-dressing.  A  tooth 
of  Elephas  primigeniua  was  obtained  by  mp  at  Witton  in  connection 
with  one.  The  large  masses  at  Trimmingham,  figured  in  Ly ell's 
Elements,  are  part  of  the  fundamental  Chfidk,  remnants  of  an  upper 
bed,  from  which  the  gravel  of  East  Norfolk  is  derived." 

These  instances  show  that  the  mere  size  of  the  mass  of  Cretaceous 
strata  at  Ely  is  no  argument  against  its  having  been  carried  thither 
by  ice,  and  the  fact  of  its  consisting  of  portions  of  two  distinct  beds 
is  a  mere  accident. 

There  is  nothing  singular  in  so  large  a  block  of  Chalk  becoming 
detached  from  its  parent  bed.  For  some  miles  along  the  coast,  west 
of  Lyme  Regis,  landslips  on  a  large  scale  have  occurred,  where  masses 
of  Chalk  and  Green-sand,  fully  equalling  in  bulk  the  mass  at  Ely, 
have  fallen  from  the  cliff.  The  last  of  these  falls  occurred  not  many 
years  ago.  The  lower  portion  of  the  disengaged  strata  consisted  of 
a  sandy  loam,  the  upper  of  Chalk. 

If  we  could  conceive  such  circumstances  under  a  glacial  climate 
that  this  mass  could  have  been  floated  away,  as  for  instance  by  snow 
blowing  over  the  top  of  the  cliff  and  being  frozen  on  to  its  face,  we 
should  have  all  the  conditions  necessary  for  the  deposition  of  an  im- 
mense boulder  like  that  at  Ely  ;  and  on  this  supposition  we  might 
expect  it  to  have  been  dropped  in  a  similar  position  of  verticality, 
for  the  float  would  have  been  attached  to  its  edge.  But  without 
making  such  a  supposition,  knowing  how  frequently  icebergs  roll 
over  in  the  process  of  thawing,  we  may  expect  them  to  drop  their 
loads  indifferently  in  all  positions. 

I  was  originally  disposed  to  think  this  mass  a  boulder,  when  I 
saw  it  ten  years  ago.     It  was  then  much  less  exposed  than  it  is  at 
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present    I  wag  quite  oonfirmed  in  tbat  opinion  by  wliit  I  wihe 
other  dar.* 

The  nukss  seemB  to  be  much  of  the  shape  of  a  great  pant,  Hm  jm 
of  which  is  directed  towards  the  west.  The  mass  is  so  thick  ti>- 
wards  the  stem,  t.  e.  at  the  eastern  end,  that  they  ha^e  not  te 
through  it,  but  towards  the  centre  the  workmen  told  me  they  fooM 
a  *'  snuff-coloured  hard  clay,"  at  the  bottom  of  the  pit  beneath  the 
Chalk.  "  hard  clay "  being  the  term  by  which  they  rJAgSgnate  ^ 
Boulder-clay.  Towards  the  western  end  of  the  expoanie  of  the  Cbilk 
this  clay  may  be  seen  beneath  it  in  the  sectiony  enclosing  ai^;!ihr 
lumps  of  chaJk.  Towards  the  cottage  on  the  bank  the  Chalk  Ami 
out  to  nothing,  the  Boulder-clay  passing  beneath  it* 

I  believe  the  Lower  Green-sand  blocks  which  occur  on  the  soodi 
sidf'  heroaljouts  to  be  no  more  m  ntm  than  the  Chalk. 

The  Boidder-clay  between  the  Chalk  and  Eimmeridge  day  sbows 
tortuous  streaks  of  bedding,  (some  of  them  chalky,)  in  a  highly  in- 
clined position.  They  seem  to  have  been  originally  horizontal  as 
well  as  the  Chalk.  But  no  one  who  has  seen  the  Cromer  dilb  will 
think  any  mode  of  bedding  too  strange  to  occur  in  the  Boulder-day, 
or  call  in  the  aid  of  a  fault  to  account  for  it. 

The  second  part  of  the  enquiry  relates  to  the  occurrence  of  this 
mass  of  Boulder-clay  in  juxtaposition  to  the  Eimmeridge-clay.  The 
question  lies  between  a  fault  and  a  great  channel  of  erosion,  made 
for  itself  by  the  Glacial  drift. 

The  onlj'  evidence  upon  this  point  to  be  obtained  in  the  pit  is  by 
examining  the  junction.  If  the  country  were  mapped,  and  a  fault 
affecting  other  strata  traced  through  the  pit,  this  would  settle  the 
question  in  favour  of  a  fault.  There  seem  to  be  disturbances  in  the 
neigbVxjurhood.  We  have  Oxford  clay,  for  instance,'  at  the  bottom 
of  the  hill  near  the  railway  station,  where  Kimmeridge-clay  would 
have  been  more  natural.  And  other  places  might  be  named  ( Aldreth 
and  Alderforth).  But  that  faults  affect  the  Oolite  affords  only  a  slight 
presumption  that  they  will  also  affect  the  Boulder-clay.  With  re- 
gard to  the  e\'idenco  to  bo  obtained  at  the  spot  itself,  I  first  of  all 
attempted  to  examine  the  junction  by  digging  in  the  side  of  the  pit; 
but  I  found  that,  owing  to  a  line  of  springs  thrown  out  by  it,  the 
Bouldcr-clay  has  slipped,  so  that  I  could  not  reach  the  imdisturbed 
ground.  This  circumstance  misled  me  when  I  examined  the  place 
in  1856,  and  made  mo  suppose  the  junction  showed  slikenside,  which 
was  rcfJly  due  only  to  a  recent  slip.  I  then  searched  for,  and  found 
the  junction  in  one  of  the  banks  left  by  the  workmen  to  exclude  the 
water  as  they  dig. 

Hero  I  found  it  well  defined;  but  I  could  not  discover  any  of  those 
symptoms  of  pressure,  or  the  polished  surfaces,  which  are  always 
observed  to  accompany  a  fault.  As  far  then  as  the  evidence  goes  it 
is  against  the  occurrence  of  a  fault,  and  points  to  the  Boulder-clay 
occupying  a  trough,  which  it  has  ploughed  out  for  itself  in  the  old 

*  SiKj  also  Note  2,  p.  62. 

'  I  have  since  learned,  however,  that  a  well  at  Ely  commenced  in  the  Kimmeridge 
■con  reached  the  Oxford  clay  with  a  thin  atony  hand  containing  AipriMcra  uxterreniog. 
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sea-bottom  of  Kimmeridge-clay.  Such  troughs  I  believe  to  be  not 
Tmcommon  in  districts  bordering  upon  extensive  spreads  of  the 
Boulder-clay. 

I  have  made  notes  of  sections  seen  in  two  Boulder-clay  pits  at 
GiUingham  in  Norfolk,  and  at  Buldbamp  in  Suffolk,  which  illustrate 
the  manner  in  which  the  sea-bottom  has  been  eroded  by  icebergs, 
and  the  cavities  filled  with  Boulder-clay.  In  the  instance  at  Bul- 
champ,  which  I  saw  with  Professor  Liveing  last  summer,  the  sea- 
bottom  has  consisted  of  sand,  of  an  age  some  degree  anterior  to 
the  Boulder-clay.  This  case  has  been,  like  that  at  Ely,  adduoed  as 
an  instance  of  faulting ;  but  we  noticed  sand  of  the  same  character 
as  that  at  the  side  of  Uie  section,  clearly  continued  beneath  the  day. 

In  the  other  case  the  Boulder-clay  has  been  originally  deposited 
npon  the  same  sand,  but  has  been  subsequently  itself  eroded  down 
to  its  very  base,  and  the  channel  filled  again  by  a  fresh  deposit  of 
slightly  different  materials. 

N. 

"       .,.1- 


Ground  Plan  of  the  Ely  Clay-pit.    The  width  from  N.  to  S.  is  exaggerated. 

Lower  Oreen-tand.  id)  Chalk. 

Kimmeridge  olav.  \ej  Oault  (?) 

Emtio   clay,  with  boolden  of  granite. 
Oolite,  large  flints,  etc. 


Cf)  Lower  Oreen-eand. 
{gh)  Line  of  Junction. 


V. — ^NOTB   ON   THE   GbAVEL   BeDS   OF   FiNOHLKT. 
By  Professor  Mob&is,  F.G.S. 

THE  gravel  beds  of  Finchley,  which  belong  to  the  Drift  or  Boulder- 
clay  series,  have  yielded  to  the  researches  of  Mr.  N.  T.  Wether- 
ell,  of  Highgate,  many  specimens  of  Flints,  containing  fossils  of  the 
Chalk  formation, — of  these,  the  genera  Inoceramus  and  Pecten  are 
most  abundant,  associated  with  which  are  casts  of  Ammonites,  and 
specimens  of  Terehratuta,  Rhyrichonellay  Bianchora^  Lima  Hoperi,  Spon- 
dylm  spinoausy  and  many  Echinoderms,  as  Micraster,  Cardiaster, 
(similar  to  one  from  Northfleet,)  two  or  three  species  of  Cidaris^ 
Cyphosoma^  Ananchytea,  Oaleritea,  but  with  tliese  it  is  important  to 
notice  there  are  sometimes  foimd  ailicified  specimens  of  Venericardia 
planicosta,  a  condition  in  which  these  shells  are  rarely  found  in  their 
original  Eocene  beds.     It  may  be  further  interesting  to  notice  that 
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Mr.  Wetherell  has  also  obtained,  dnring  the  ezcaTation  of  iihe  Lonte 
clay  at  the  Highgate  tunnel  for  the  Edgeware  and  Higligato  nit 
way,  a  fine  specimen  of  the  Belosepicn  {B.  sepioidea,  De  BIiult.) 
similar  to  that  figured  by  Mr.  F.  E.  Edwaods  in  his  valuable  mono- 
graph on  the  Eocene  MoUnsca  (Pabeont  See.  1849,  Tab.  L,  fig.  1,1) 
and  found  in  the  London  clay  of  the  Isle  of  Sheppey,  and  whidi  now 
forms  part  of  the  Dixon  collection  in  the  Biitiah  Museum.  Xl 
WcthercU's  specimen  is  somewhat  elliptical  in  form,  ooaTex,  nd 
measures  about  3^  inches  in  length,  by  2  inches  in  breadth,  tDdl 
inch  in  depth ;  it  is  strongly  and  broadly  ribbed,  the  onter  shell  ptfr* 
scr\'ed  in  some  places,  is  of  moderate  thickness,  nearly  smooth,  ui 
faintly  marked  by  lines  of  growth,  which  are  crossed  by  finer  linfli 
or  strin,  giving  the  shell  a  somewhat  decussated  appearanoe  when 
carefully  examined. 

VI. — Note  on  Azinopsis  gen.  nov.  v*  Scbixodus  mt  Arwwm. 

Bj  Ralph  Tatb,  F.G.S. 

PROFESSOR  KING  instituted  the  genus  Schitodui  for  the  n- 
ception  of  certain  species  of  bivBdves  occurring  in  the  Per- 
mian and  Carboniferous  systems,  which  had  previously  been  quoted 
under  the  generic  title  of  Axinus,  In  Dr.  Woodward's  Manual  of 
Mollusca,  2nd  edit.  p.  431,  Axtnus  is  retained  for  these  shells ;  and 
Schizodm  is  reduced  to  a  synonj^m,  because  the  name  applied  by 
Professor  King  had  previously  been  employed  by  Mr.  Waterhouse. 

Tlio  typo  of  Sowcrby's  genus  Axinus  is  A.  angul-atus,  and  with  it 
are  associated  other  Tertiary  species  and  several  existing  fonoB. 
Now,  Axinus,  as  so  typified  and  illustrated  by  Mr.  Gwyn  Jefifreys, 
belongs  to  tlio  family  Zucinida,  whilst  the  older  shells  belong  to 
Trigonida ;  these  latter  can  no  longer  be  referred  to  Axinm,  And 
to  avoid  the  dual  employment  of  this  generic  name  I  would  propose 
that  of  Axinopsis  for  the  species  hitherto  quoted  under  Schtsodtu,  (md 
incorrectly  under  Axinus, 

A  very  common  shell  familiarly  known  as  Sehizodas  vol  Aximu 
cloacinuH  was  first  described  by  Boniemann  as  Tteniodon  J:traldi. 
This  generic  name  was  adopted  from  Dunker,  who.  in  1849,  de- 
scribed and  figured  a  Liassic  shell  Teeniodon  ellipticus  as  the  type  and 
unique  example  of  a  new  genus.  But  Taniodon,  as  thus  proposed  is 
simply  equivalent  to  Pleuromya,  and  cannot  consistently  be  adopted 
for  the  gi'oup  of  shells  under  consideration. 

I  do  not  intend  to  submit  a  monograph  on  the  genus,  my  object  is 
simi)ly  to  avoid  an  inconvenience  which  is  certainly  experienced  in 
the  prei)aration  of  lists  of  fossils;  but  I  may  state  that  Axinoptit 
ranges  from  the  Carboniferous  series  to  the  true  Lower  Lias,  is 
widely  distributed  throughout  Europe,  and  is  known  in  the  Carboni- 
fen^us  and  romiian  strata  in  North  America. 

The  synonyms  of  the  genus  Axinopsis  (Tate)  would  be  as  follows : 
Schizodu^,  King  (non  Waterhouse). 
Axinus,  Auctores(non  Sowerby,  1821). 
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Notes  on  some  of  the  Fossil  Mammals  of  Great  Bbitaik. 

By  the  Kev.  W.  8.  Stmonds,  F.G.S., 
President  of  the  MalTem  Kataralisto'  Field-dub. 

[Being  the  substance  of  a  discourse  delivered  at  Apperley  Court,  the  residence  of 
Miss  Strickland,  to  the  members  of  the  Malyem  Naturalists'  Fidd-club,  June  80, 
1868.]  ^ 

I  HAVE  on  more  than  one  occasion  directed  the  attention  of  the 
members  of  this  society  to  the  fossil  remains  of  Mammalia  found 
by  the  late  Mr.  Hugh  Strickland  in  old  Post-glacial  river  drifts  of  an 
ancient  Avon,  near  the  villages  of  Cropthome,  Bricklehampton,  and 
Fladbury,  all  in  the  vicinity  of  Pershore,  Worcestershire.  The 
fossils  in  the  collection  at  Apperley  Court  were  carefuUy  examined 
and  named  last  January  by  Mr.  Boyd  Dawkins,  the  well-known 
comparative  anatomist,  and  among  them  we  find  the  remains  of  two 
species  of  elephant,  E,  antiquus  and  E.  pr%migm%U9 ;  the  long  haired 
rhinoceros,  R,  tichorhinns  ;  many  fine  teeth  and  bones  of  a  hippopo- 
tamus, J7.  major ;  the  remains  of  two  large  extinct  oxen.  Bos  primi^ 
g&nittB,  and  Bison  priscus ;  with  many  bones  and  horns  of  deer,  Cervus 
elaphus ;  all  of  which  were  associated  with  fresh- water  shells  still 
living  in  the  Avon,  with  the  exception  of  the  Unio  litioralis,  a  Unio 
which  is  extinct  in  Great  Britain,  although  still  living  in  the  rivers 
of  France  and  Spain.  It  is  now  ascertained  that  this  group  of  mam- 
mals lived  in  Great  Britain  during  that  period  which  is  known  to 
geologists  as  the  Post-glacial  period,  a  period  which  succeeded  the 
intense  cold  of  the  long  Glacial  epoch.  It  must,  however,  be  re- 
membered that  the  term  Post-glacial  is  rendered  in  contradistinction 
to  the  term  Pre-glacial,  which  is  applied  to  the  period  which  pre- 
ceded the  Glacial  epoch ;  and  that  it  is  not  to  be  supposed  that  the 
Post-glacial  animals  existed  after  the  age  of  glaciers  had  altogether 
ceased  in  Great  Britain  :  for  we  now  know  that  in  Post-glacial  times 
the  climate  was  very  severe,  though  gradually  becoming  more  tem- 
perate. There  is  no  greater  mistc&e  than  to  suppose  that  the  term 
Post-glacial,  either  as  applied  to  climate  or  animals,  means  that  the 
age  of  glaciers,  icebergs,  and  ice-drifts,  or  the  age  of  mammoths  and 
rhinoceri  had  ceased  in  Great  Britain  in  the  times  when  Post-glacial 
drifts  containing  extinct  animals  were  deposited.  A  few  notes,  there- 
fore, on  some  of  the  principal  fossil  mammals,  and  their  range  in 
geologic  time,  may  not  be  uninteresting  on  the  present  occasion. 
Every  one  who  takes  any  interest  in  geology  knows  that  no 
remains  of  any  fossil  quadruped  have  hitherto  been  detected  in  the 
vast  thickness  of  stratified  deposits  which  constitute  the  mass  of 
strata  from  the  Laurentian  to  the  Permian,  inclusive,  and  which 
were  deposited  during  the  successive  geological  periods  known  as 
the  Primary  or  Palseozoic  periods.  The  older  rocks  up  to  the  dose 
of  the  Old  Red  or  Devonian  period  are  all  the  relics  of  marine  strata, 

^  From  the  WorcetUr  Eeraid,  of  July  lltii  and  18th,  1868. 


414  SymandB^BriiisA  Foml  MammaU. 

in  which  the  skeletons  of  Lmd  mamiiuJia  may  haTo  been  Tety  imly 
preserved  if  inainTnals  existed :  bat  the  same  az]giimeiit  hiidlj  uh 
plies  v^  the  Carbonifeions  strata,  in  which  land  reptiles,  I^^tiJ  didu» 
and  land  insects  have  been  detected ;  and  which  affind  eridenee,  aft 
least  daring  the  deposition  of  the  ooal,  of  the  proximity  of  land.  Xo 
mammalia,  however,  have  as  yet  been  detected  in  any  palaBoaac  ncL 
After  the  Pennian  period  had  passed  away  a  gieat  thicknmoC 
strata  known  as  the  Xew  Bed  or  Triassic  formatioii  were  laid  doiwn 
npon  the  sabmeiged  and  depressed  PalsBoaoio  rocks,  and  as  fiir  ii 
we  can  judge  the  New  Bed  formations  weiB  depoeited,  at  lesskin 
England,  in  lagoons  or  salt  lakes.  This  may  aeooont  for  the  m* 
dpitation  of  salt  at  the  base  of  the  Lower  Kenper  Tn^y]ff^  as  well  ii 
for  the  entire  absence  of  marine  shells  and  the  paucity  of  animal 
remains  of  all  kinds,  with  the  exception  of  a  few  fish  spinesy  the 
bones  and  footprints  of  a  few  reptiles,  and  the  carapaces  of  soma 
minute  crustaceans  yEM\eHa)j  very  similar  to  allied  species  wbidi 
inhabit  salt  lagoons  at  the  present  day.  The  Triassic  rocks  of 
England  were  however  sabmeiged,  and  are  covered  np  conformably 
by  the  Bha>tic  series,  which  contain  marine  shells^  a  Bone-bed  fall 
of  the  triturated  remains  of  reptiles  and  fish,  and,  what  is  more  to 
our  purpose  in  this  paper,  the  teeth  of  a  small  m<Mwt¥ml^  called 
MicrolesU^.  The  teeth  of  this  animal  led  Dr.  Falconer  to  the  con- 
clusion that  it  was  a  plant-eating  marsupial,  such  as  is  the  f>ir^«ringr 
kangaroo  rat,  many  s|>ecic8  of  which  feed  on  plants  in  the  wilds 
and  forests  of  Australia.  At  all  events,  up  to  the  present  time,  the 
Upper  Triassic  rocks,  which  the  Club  visited  to-day  at  Wainlode 
cliff,  are  the  strata  which  have  rendered  to  the  researches  of 
geologists  the  oldest  known  mammalian  relic  upon  the  fisu^e  of  the 
globe.  The  remains  of  this  little  animal  have  been  fonnd  by  Mr. 
Moore  in  Somersetshire,  near  Frome,  and  by  Mr.  Boyd  Dawkins, 
near  Watch et  It  occurs  also  in  the  Trias  of  Grermany.  It  is 
e^'ident  that  both  the  Bone-bed  in  which  the  remains  of  this  first 
known  mammal  were  detected,  and  the  Insect-limestone,  made 
famous  by  the  researches  of  my  friend  ]Mr.  Brodie,  were  shore- 
deposits,  and  the  luscct-limestone,  with  its  thin  layers  of  mud  whidi 
preserve  so  beautifully  the  delicate  forms  of  the  soft  bodies  and 
wings  of  insects,  is  just  the  stratum  where  we  should  have  expected 
to  find  the  bones  and  teeth  of  land  animals  that  strayed  by  the  sea 
shores  of  the  Triassic  epoch.  But  it  is  not  so.  Deeper  sea  beds, 
with  Nautili  and  cuttle-fish,  gigantic  marine  reptiles,  and  fishes  of 
the  deep,  cover  up  the  Insect-limestone  at  the  base  of  the  Lias ;  and 
all  the  thickness  of  the  Liassio  rocks,  with  a  large  portion  of  the 
Lower  Oolites,  intervene  between  the  burial-plaoe  of  the  little 
Triassic  quadruped  and  the  Stonesfield  slate,  which  furnishes  the 
remains  of  the  next  mammalian  animals  that  are  known  to  the 
geologists.  Now  mark  the  deficiency  of  the  geological  record! 
Unknown  and  unnumbered  ages  must  have  elapsed  between  the 
deposition  of  the  Upper  Trias  and  its  imbedded  Microlestss,  and  the 
deposition  of  the  Stonesfield  slate.  The  hills  of  the  Cotteswolds 
are  piled  mass  above  mass  between  them,  yet  not  a  mammalian 
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relic  do  the  intervening  strata  famish.  It  is  trae  that  those  strata 
were  in  all  probability  deposited  at  a  considerable  distance  from 
land.  Nevertheless  we  must  feel  assured  that  throughout  all  those 
periods  which  elapsed,  during  which  the  whole  of  the  Lias  and 
Inferior  Oolite  beds  were  deposited,  Mammalia  of  some  kind  or  other 
must  have  lived  upon  the  neighbouring  shores,  but  of  which  not  a 
single  fragment  has  yet  been  detected.  The  Stonesfield  slate,  which 
lies  at  the  base  of  the  Great  Oolite,  appears  to  be  either  a  shore- 
deposit,  or  a  shore-deposit  broken  up  and  redeposited  in  somewhat 
deeper  water.  It  contains  marine  shells,  fossil  wood,  with  the  im- 
pressions of  ferns.,  cones,  and  other  parts  of  land  plants.  The  remains 
of  insects  are  sometimes  beautifully  preserved,  and  no  less  than  ten 
jaws  of  small  quadrupeds  belonging  to  three  distinct  genera  have 
been  found  in  these  rocks.  All  of  these  animals  are  believed  to 
have  been  MarsuptaU. 

There  are  few  persons  who  are  not  acquainted  with  the  "  Purbeck 
marble/'  which  is  so  much  used  for  shahs  and  columns  in  many  of 
our  old  English  cathedrals  and  churches.  The  Purbeck  marble 
belongs  to  the  uppermost  division  of  the  Oolite  rocks,  and  is  a  fresh- 
water limestone,  containing  freshwater  shells  and  fishes.  In  the 
Purbeck  series  eight  or  nine  genera  and  about  fourteen  or  fifteen 
species  of  plant-eating,  insectivorous,  and  predacious  Marsupicds  have 
been  found  by  Mr.  Beckles  and  Mr.  Brodie.  Of  one  of  these 
Mammalia,  the  Flagiaulax,  the  late  Dr.  Falconer  says  that  ''  it  may 
be  regarded  in  the  natural  system  as  a  marsupial  form  of  rodent," 
and  "  may  have  had  the  volant  habits  of  the  flying  Flalangers,  «aid 
flitted  from  tree  to  tree  among  the  Oolite  forests  by  means  of  para- 
chute-folds of  their  skin."  (Falconer's  PalsBontological  Memoirs, 
vol.  ii.  p.  425.)  These  Purbeck  Mammalia  lived  in  the  same  Oolitic 
period  with  the  strange  birds  of  Solenhofen,  birds  with  tails  like 
lizards  (the  ArcluBopieryx)  ^  and  also  with  the  gigantic  reptiles  that 
abounded  in  those  days  on  the  land  and  in  the  rivers  and  seas.  Yet 
another  change  occurred,  and  we  have  a  long  lapse  of  time,  during 
which  all  evidence  of  the  existence  of  Mammals  is  again  wanting.  The 
seas  of  the  Chalk  period  rolled  their  waves  for  ages  above  the  tombs  of 
the  Purbeck  Mammalia,  and  with  the  exception  of  some  winged  reptiles 
(Pterodactyles),  and  a  few  pieces  of  drift-wood,  all  the  fossils  of  the 
Chalk  indicate  the  existence  over  a  large  portion  of  our  northern 
hemisphere  of  a  wide  open  sea.  During  that  long  protracted  epoch, 
the  Secondary  epoch,  the  northern  hemisphere  appears  to  have  been 
occupied  far  more  by  sea  than  land,  so  that  the  Secondary  rocks  are, 
with  one  or  two  exceptions,  solely  the  remains  of  sea-beds  widely 
spread,  and  deposited  in  the  course  of  long  ages  one  above  the  other. 
With  the  exception  of  the  freshwater  strata  of  the  Wealden  and 
Purbeck  beds,  the  great  masses  which  constitute  the  Secondary  rocks 
are  all  of  marine  origin.  No  sooner,  however,  do  we  examine  the 
Lower  TerttarieSy  than  we  find  evidences  of  the  elevation  of  land 
throughout  an  area  over  which,  during  the  antecedent  period,  there 
rolled  the  waves  of  a  deep  Cretaceous  sea,  and  on  this  elevated  land 
we  know  there  lived  numerous  strange  and  extinct  quadrupeds, 
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whose  remaiiiB  aie  mingled  with  the  tqIiob  of   eztiiui  lepdss 
plants,  and  shells. 

It  ajii^eoiB  to  me  that  the  present  sbhcx)!  of  geologists  do  iflt 
lay  sufficient  stress  upon  the  gradual  elevation  of  land  thvoii^hrfl 
the  northern  hemisphere  as  connected  with  'what  I  may  tsm  tb 
igneous,   volcanic,  and  earthquake  forees  after  the  close  of  Ai 
Secondary  epoch ;  and  which  elevatoiy  forces  were  desftinfld  in  tb 
course  of  unnumhered  ages  to  elevate  the  sea-beds  of  the  SeooadBj 
and  the  earlier  Tertiary  epochs  on  the  flanks  and  even  to  the  smiiBili 
of  the  liighest  mountains  in  the  world.    The  diminutioiL  of  voknk 
intensity  over  the  portion  of  the  globe  we  inhabit  from  the  podol 
of  the  New  Bed  Sandstone  up  to  the  dose  of  the  Chalk  peziod  bii 
not  been  sufficiently  remarked  upon :  and  it  is  most  important  ti 
note  that  it  is  to  the  renewal  of  this  voloanio  activity  and  of  eai&- 
quake  movements  that  so  much  of  the  present  physioal  geograpfaj 
of  the  northern  hemisphere  owes  its  origin. 

The  £aceH0  Epoch, — Eocene  is  the  term  invented  by  Sir  Charla 
Lyell  for  tlio  lowest  and  oldest  of  the  Tertiaty  rocks  which  sucoeed 
the  Secondary  rock-masses  in  stratigraphical  position,  and  in  whicii 
the  prototy|)e8  and  progenitors  of  succeeding  and  existing  Mammalia 
are  iirst  knuwn  to  geologists.  Eocene  means  the  shadowing  forth  or 
the  dawn  of  those  animals  whose  modified  successors  in  after  Mio- 
cene, Pliocene,  and  Post-pliocene  times,  lived  in  thousands  for  long 
eras  on  ancient  European  lands.  The  points  to  which  I  would  eq)e- 
cially  direct  attention  are  the  indications  afforded  by  organic  remaios, 
by  the  shells,  plants,  and  animals,  of  the  climate  of  this  part  of  the 
world  during  the  Eocene  epoch.  Everywhere  the  evidence  deriv- 
able from  the  study  of  the  organic  remains  furnished  by  the  Lower 
Tertiary  Strata  of  the  Continent  and  Great  Britain,  is  in  favour  of  the 
existence  of  a  much  higher  temperature  during  Eocene  times,  than 
now  attains  in  these  temperate  latitudes.  The  oldest  known  Tertiary 
quadruped  is  the  Arctocyon  primavus  of  the  Lower  Eocenes  of 
Paris,  an  animal  related  to  the  bear,  and  the  Kinkajou  or  Honey 
Bear  of  South  America;  while  in  the  Lower  Eocenes  of  Eng- 
land there  are  found  the  remains  of  animals  which  lived  be/ore  that 
Middle  Eocene  period,  when  the  great  Nummulite  formation  of 
marine  strata  was  deposited  over  a  wide  sea  bed,  the  strata  of  which 
has  since  been  elevated  into  the  mountain  chains  of  the  Alps  and 
Pyrenees,  the  Carpathians,  and  Himalayas.  Many  Lower  Eocene 
animals  lived  and  died  on  the  banks  of  the  great  river  that  floated 
down  the  tropical  fruits  of  the  Isle  of  Sheppey,  in  Kent.  Among 
them  was  the  Coryphod^i,  a  tapir-like  animal,  but  twice  the 
size  of  the  American  tapir,  said  like  it,  probably  inhabiting 
densely  wooded  regions  and  the  banks  of  rivers.  Here  also  was 
the  Hyracotherium  of  Owen,  an  animal  allied  to  the  rhinoceros  and 
hippopotamus,  and  whose  representatives  still  linger  in  the  Hyrax 
of  the  Cape,  and  the  Syrian  **  coney."  Here  also  are  found 
the  bones  of  Lophiodon,  an  animal  which  was  allied  to  and  was  of 
the  size  of  the  tapir,  but  which  appears  from  its  remarkable 
comparative  anatomy   to  have  had  affinities   connected  with  its 
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::  stractare  which  led  to  the  Bhinooeros  on  one  hand,  and  to  the 
Palaotheres  on  the  other.     It  was  probably  the  prototype  of  both. 

I  Tbe  strata  of  the  Upper  Eocenes  consist,  both  in  England  and  on 
the  Continent,  of  a  series  of  both  marine  and  fresh- water  strata. 
The  assemblage  of  shells  indicate  a  more  temperate  climate,  and  in 
the  uppermost  strata  in  France,  which  are  probably  of  later  date 
than  the  Upper  Eocenes  of  England,  the  phuits  indicate  distinctly 
a  more  temperate  climate,  as  they  resemble  the  vegetation  on  the 
borders  of  tiie  Mediterranean.  Still,  plants  of  worm  latitudes  are 
associated  with  those  of  newer  types,  as  we  have  the  Fan  Palm  or 
Palmetto  associated  with  the  remains  of  fresh-water  fish,  crocodiles, 
and  other  reptiles.  With  regard  to  the  Mammalia  the  history  is 
most  striking.  More  than  fifty  extinct  species  of  quadrupeds  have 
been  found  in  rocks  of  this  age  in  France  alone,  while  many  have 
been  found  in  England.  Among  these  the  best  known  are  the 
Palaotheres  and  Anoplotheres,  the  former  being  allied  to  the  rhi- 
noceros, the  horse,  and  the  tapir;  and  the  latter  exhibiting  links 
between  the  tapirs  and  camels.  With  these  and  many  other  her- 
bivorous animals  there  co-existed  carnivorous  quadrupeds  which, 
says  Professor  Owen,  "to  judge  by  the  character  of  their  flesh- 
cutting  teeth,  were  more  fell  and  deadly  than  modem  wolves  and 
tigers.'*  Not  a  single  quadruped,  as  for  as  I  know,  lived  on  from 
the  period  of  the  Lower  Eocene  to  that  of  the  Upper  Eocenes. 
New  forms  modified  from  the  old  forms  succeed,  and  we  learn  that 
distinct  groups  of  Mammalia  lived  and  died  out  for  ever  during 
the  Eocene  epoch.     (See  Lyell's  Elements,  6th  Ed.  1865). 

The  Miocene  Epoch, — ^As  we  ascend  from  the  Lower  Tertiary  rocks 
to  the  Middle  Tertiary  strata  we  find  evidences  of  a  gradual  change 
in  the  physical  geography  and  the  climate  and  temperature  of  this 
part  of  the  globe,  and  also  of  the  introduction  of  new  species  of 
animals  and  plcmts,  and  the  dying  out  of  the  older  forms  of  life ; 
but  the  change  was  so  gradual  that  it  is  most  difficult  to  decide 
where  to  draw  the  line  of  separation  between  strata  of  the  Eocene 
and  Miocene  epochs,  and  even  now  it  is  found  necessary  to  draw 
lines  of  demarcation  by  the  grouping  of  the  fossil  Mammalia 
rather  than  by  the  shells  and  other  marine  and  fresh-water  remains. 
Li  our  English  Lower  Miocenes  of  the  Isle  of  Wight  remains  have 
been  found  of  the  ITyopotatnuSy  an  early  representative  of  the  hog 
family,  extinct  species  of  boar  having  been  found  in  Germany, 
which  appear  to  culminate  in  Post-pliocene  deposits  in  the  common 
wild  boar  {Sue  ecro/a  foaeilie).  Seven  species  of  Hyopotamus  are 
known.  The  CainotJierium  (new  beast)  of  the  Lower  Miocenes 
is  a  genus  of  quadrupeds  distinct,  yet  allied  to  the  Eocene 
Anophtheree.  A  species  of  Ehinoceros  {R,  incisivus),  makes 
its  appearance  for  the  first  time  in  strata  of  this  age.  The 
coming  in  of  new  species  and  the  dying  out  of  old  ones  is  well 
illustrated  by  the  Mammalia  of  the  Upper  Miocene  deposits.  Pro- 
fessor Owen  says,  "Our  knowledge  of  the  progression  of  Mammalian 
life  during  the  Miocene  period  teaches  us  that  one  or  two  of  the 
generic  forms  most  frequent  in  the  older  Tertiary  strata  still  lingered 
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on  the  eaith,  bat  that  the  rest  of  the  Eooene  MAwiTHftlla.  liad  beei 
sapeneded  by  new  forms,  some  of  which  present  chanusterB  inter- 
mediate between  those  of  Eocene  and  those  of  Pliooene  genen.    Hia 
Dinoiherium  and  narrow-toothed  Ifastodon,  for  example,  flimitiuh  the 
inten-al  between  the  Lophiodan  and  the  elephant^"     (Owen's  FftL, 
p.  343.)     Dr.  Falconer  also  shows  how  the  great  JPtobosddiam  mib 
their  first  appearance  in  the  Upper  Miocenes,  and  'were  zepienoted 
in  Europe  by  the  great  Dinotherivm  and  Maaiodan,  and  in  liidia  bj 
three  sub-genera  of  elephants.      (PaL  Memoirs,  Vol.  U.,  p.  13). 
The  Dinotherium  was  an  aquatic  animal  like   the    hippopotanun, 
but  allied  to  the  tapir,   and  had  large  tusks  like   those  of  the 
walrus,  but  growing  from  the  under  jaw  instead  of  the  upper,  as  if 
for  the  purpose  of  rooting  up  water  plants.     The  Mtutodam  were 
like  the  elephants,  with  the  grinding  teeth  less  complex  in  structiuB 
and  "  adapted  for  bruising  coarser  v^etable  substances."     (Owen). 
Four  species  inhabited  Europe  in  Miocene  times,   one  of  whidi 
(Mtutodon  anguiU'dena)  has  left  its  remains  among  the  fossil  pond- 
weeds  of  the  ancient  Swiss  lake  of  CEbiingen.     The  Pangolins  of 
Africa,  and  the  Manis  of  tropical  Asia,  which  have  now  no  living 
representative  in  Europe,  were  nevertheless  represented  in  Germany 
in  Miocene  times  by  the  MoLcrotherium,  an  edentate  ftjiimf^]  which 
Cuvier  calculated  must  be  24  feet  in  length.     The  first  evidence  of 
the  appearance  of  the  deer-tribe  dates  from  Upper  Miocene  times, 
and  with  these  are  associated  the  remains  of  the  lion-like  and  sabre- 
toothed  Machairodi,  with  species  varying  in  size  from  that  of  a  lion 
to  the  size  of  a  leopard.     These  powerful  camivora  have  left  their 
remains  in  the  freshwater  beds  of  Auvergne  and  of  Eppelsheim,  and 
their  descendants  lived  on  to  Post-glacial  times,  their  teeth  having 
been  found  among  those  of  the  cave  animals  of  Devonshire.    Monkeys 
lived  in  Miocene  days  where  now  the  lofty  Pyrenees  rise,  and  one 
of    them,   the    Dryopithecua    (tree-ape),   equalled  man  in   stature. 
Another,  closely  allied  to  the  Gibbon,  called  Pliopitheeua,  has  been 
also  discovered  in  France,  and  a  third,  Semnopithecua,  near  Athens. 
Associated  with  this  monkey  were  the  remains  of  Mastodon,  Diwh 
therea,  HipparioUf  Antilapea,  and  two  Giraffea,  the  girafie  being  now 
confined  to  the  continent  of  Africa. 

The  Pliocene  Period, — The  Pliocene  period  is  that  in  which 
there  are  more  existing  species  of  shells  than  there  are  of  extinct 
species,  and  in  the  older  strata  of  this  age  there  are  nearly  as  many 
shells  of  extinct  species  as  there  are  of  shells  whose  representatives 
are  still  in  existence.  The  fossil  mammalia  of  the  Pliocene  epoch 
are  little  known  in  England,  but  have  been  foimd  in  abundance  in 
the  continental  strata  of  this  age  in  France  and  Italy.  They  differ 
from  those  of  Miocene  times  so  far,  that  I  believe  there  is  not  a  single 
species  of  quadruped  which  is  common  to  the  Miocene  and  Pliocene 
strata  of  Auvergne.  The  Miocene  genera  of  Auvergne  became  ex- 
tinct before  the  Pliocene  forms  were  buried  in  the  tuffs,  and  below 
the  Pliocene  lavas,  but  of  all  the  large  assemblage  of  Pliocene  quad- 
rupeds determined  by  M.  Pomel,  only  two  genera,  the  Mastodon  and 
a  large  genus  of  tiger,  have  become  extinct.    The  Mastodon  (if. 
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arvemsnsis)  is  common  to  the  Bed  Crag  of  England  and  the  Pliocene 
beds  of  Italy,  but  appears  to  have  died  out  before  the  deposition  of 
the  Forest-bed  of  Cromer.  A  species  of  elephant  (JS.  mendiatuUii) 
ranges  from  the  older  Pliocene  times  on  to  the  days  when  it  roamed 
in  the  Forest  of  Cromer  on  the  old  lands  of  Norfolk,  and  is  a  good 
example  of  the  long  range  in  time  in  which  the  large  mammalia 
inhabited  the  earth. 

Po8t'Pliocen$  DapositM. — ^We  now  pass  upwards  to  the  domain  of 
existing  species  of  shells,  and  to  strata  where  no  extinct  species  are 
known  of  marine  shells.  Sir  Charles  Lyell  divides  the  Post-tertiary 
formations  into  two  groups,  the  Post-pliocene  and  the  Recent,  a  neces- 
sary division,  for  in  the  Post-pliocene  formations  many  of  the  mam- 
malia belong  to  extinct  species,  while  the  shells  are  identical  with 
those  now  living ;  but  in  the  Becent  formations  the  mammalia,  as 
well  as  the  shells,  are  identical  with  existing  species.  The  oldest  of 
the  Post-tertiary  deposits  is  the  celebrated  Forest  of  Cromer  bed,  the 
remains  of  an  old  buried  forest  which  has  been  traced  for  40  miles, 
and  which  has  been  covered  up  by  a  series  of  strata,  containing  in 
some  parts  fresh- water  shells  and  Isoid  plants,  and  animals  which  are 
themselves  covered  up  by  marine  strata  with  marine  shells,  shewing 
that  both  the  site  of  the  Post-pliocene  forest  and  the  river  silts  were 
afterwards  depressed  beneath  the  sea.  The  shells,  whether  fluviatile 
or  marine,  are  all  of  living  species.  The  trees  consist  of  the  Scotch 
and  spruce  firs,  yew,  sloe,  oak,  alder,  and  birch,  with  the  yellow 
and  white  water  lilies,  the  buckbean,  the  homwort,  and  other  pond 
weeds.  The  fresh-water  shells  are  such  as  now  inhabit  the  rivers 
and  ponds  of  England,  but  both  the  plants  and  the  shells  indicate  that 
the  climate  when  that  ancient  forest  grew  was  temperate,  but,  perhaps, 
somewhat  colder  than  at  present.  What  strikes  the  geologist  and 
naturalist  most  are  the  remains  of  the  mammalia  that  are  found  in 
these  beds.  They  contain  the  remains  of  three  species  of  elephant,  two 
species  of  rhinoceros,  a  hippopotamus,  a  gigantic  extinct  beaver,  the 
great  Irish  elk  (the  Megaceros),  several  other  kinds  of  deer,  bears,  the 
bison,  and  several  marine  mammalia,  as  the  walrus  and  the  narwhaL 
These  great  quadrupeds  must  have  lived  in  abundance  on  the  old 
forest  land  when  the  marine  mammalia  lived  in  the  sea.  But  mark 
what  follows.  Over  the  extinct  forest,  and  its  extinct  quadrupeds, 
its  plants,  and  its  shells,  rests  the  Boulder-clay,  the  unerring,  indu- 
bitable witness  that  the  Forest  of  Cromer  and  its  history  was  Pre- 
glacial,  that  is  to  say,  the  intense  cold  or  maximum  of  the  Glacial 
Epoch  had  not  arrived  when  the  animals  lived  and  the  trees  and 
plants  flourished ;  nor  had  the  forest  land  been  submerged  beneath 
a  Glacial  ocean  to  receive  above  them  the  deposits  of  melting  ice- 
bergs, and  their  deep  covering  of  ice-borne  till,  and  rocks. 

The  Pre-glactcU  Brick-earths  of  the  Thames  Valley, — It  appears  that 
certain  strata  known  as  the  ''Lower  Brick-earths  of  the  Thames 
Valley"  are  intermediate  in  time  between  the  Pre-glacial  Forest- 
bed  of  Cromer  and  the  Glacial  Boulder  deposits,  the  mammalia 
forming  a  connecting  link  between  the  animals  of  the  Forest-bed 
and  those  of  Post-glacial  times.    One  of  the  most  notable  of  all 
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the  phenomena  that  oocnrred  dnzrn^  the  Glacial  epoch  is  tte  W 
of  the  Eubmergence  of  a  great  portion  of  the  laim  of  Pie-^Kol 
Britain  and  Western  Europe  beneath  the  Glacial  seaa.  The  FdMU 
bed  of  Crjmer  was  snbmeiged,  and  the  Glacial  Bonlder-diy  nit 
above  it ;  while  certain  old  river  depoaita  of  the  ThamcB  YiDej 
appear  from  the  researches  of  Mr.  Boyd  Ilawkins  to  bekng  to  a 
somewhat  later  period,  with  a  climate  oomparati'vely  tempente,  W 
colder  than  that  of  the  Cromer  Forest-bed  (Quart  Jonrn.  GeoL 
Soc.,  vol.  xxiii.  I.  Dr.  Falconer  in  1857  had  been  strack  with  da 
Pliocene  assemblage  of  species  in  these  Lower  Brick-eazths  of  da 
Thames  Valley,  and  had  inferred  that  they  were  of  an  earlier  age  tbtt 
any  jiart  of  the  Till  or  Boidder-clay  (Quart.  Joiutl  GreoL  S«^  ^ 
xiv.,  p.  8^j.  It  appears  that  tiiese  Thames  Brick-earths  tie 
covercKl  by  a  Glacial  deposit  of  angular  ioe-bome  dSM9,  as  is  tin 
Forest-bed  by  Boulder-clay.  The  TnMnTnulif^w  relics  are  Toy 
abundant,  and  the  assemblage  of  species  foond  in  the  li^o 
gravels  which  underlie  the  Glacial  d^&rts  have  led  Mr.  Bovd 
Dawkins  to  draw  some  very  important  inferences  and  oonclusioDB. 
Three  Bi)ecies  of  elephants  having  an  unequal  range  in  time  and 
space,  and  all  extinct,  have  been  foimd  in  these  lower  Brick-earth 
deposits.  The  Elepha$  primigeniuB  (the  mammoth)  oocurs  in  the 
Pre-glacial  Forest-bed  of  Norfolk.  This  animal  was  well  defended 
during  tlie  intense  cold  of  the  Glacial  period  by  his  long  wool  and 
hair,  and  its  remains  are  most  abundant  in  the  Post-glacial  strata  of 
Europe  and  in  the  frozen  gravels  of  Siberia  and  North  America. 
Elephaa  antiquus  lived  in  Pliocene  times  on  the  continent  of 
Europe,  is  found  abundantly  in  the  Forest^bed  of  Cromer,  and 
like  the  Mammoth,  lived  on  to  Post-glacial  times,  but  not  in  snch 
abundance.  It  is  as  remarkable,  says  Mr.  Dawkins,  for  its  southern 
range  as  the  Mammoth  is  for  its  northern  visitations.  It  appears 
"  to  be  a  Pliocene  species  that  lived  in  great  numbers  in  Britain, 
while  the  Pre-glacial  deposits  of  the  Norfolk  shores  were  being 
formed,  that  was  gradually  supplanted  by  the  Mammoth  (£*.  primi* 
pmius),  and  was  driven  southward  by  the  lowering  of  the  tempera- 
ture." Elephas  priscus  was  a  Pliocene  species  of  Italy  and  Central 
France,  which  lived  on  to  the  Forest  of  Cromer  period,  and  the 
later  period  of  the  Thames  Briok-earths,  but  has  not  been  found  in 
Post-glaical  strata.  Three  species  of  rhinoceros  are  found  in  the 
Brick-earths  of  the  Thames  valley  but  one  (E,  megarhinuiiy  which 
is  a  Pliocene  animal,  and  is  found  in  the  Forest-bed,  does  not  ascend 
to  the  Post-glacial  deposits,  as  do  both  B,  tiehorhmus  and  B.  lepfo- 
rhinus,  which  were  more  adapted  to  bear  severe  cold.  B,  ticharhinM 
was  protected  like  the  Mammoth  by  long  wool  and  hair.  The  pre- 
sence of  Elephas  priscm  and  Rhinoceros  megarhinusy  indicate,  says 
Mr.  Dawkins,  the  affinity  of  the  group  of  Mammalia  from  the  Brick- 
earths  to  those  of  the  Pre-glaciid  Forest-bed,  and  to  the  continental 
Pliocene  strata ;  but  a  still  more  important  inference  is  derived 
from  the  absence  of  that  Arctic  group  of  animals  which  marks  the 
drifts  and  gravels  of  Post-glacial  times.  If  the  climate  of  the 
maximum  of  the  Glacial  epoch  was  intensely  cold,  so  was  the  olimate 
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of  the  deposition  of  the  Post-glacial  river  and  sea  drifts  very  seYere, 
and  gradually  becoming  temperate  as  we  approach  present  times. 
The  Post-glacial  Arctic  Mammalia,  such  as  the  Glutton,  Lemming, 
Marmot,  Musk  Sheep,  Elk,  and  JEteindeer,  are  altogether  wanting  in 
the  Brick-earths  of  the  Thames.  Now  it  is  the  presence  of  mese 
animals  that  marks  the  Post-glacial  deposits  most  especially. 

The  Glacicd  Epoch. — The  next  step  carries  us  to  the  Glacial 
epoch,  the  commencement  of  which  was  immensely  anterior  to  the 
deposition  of  our  valley  drifts  and  Cave-deposits.  Those  who  choose 
to  take  the  trouble  to  follow  out  the  reasoning  and  proofs  adduced 
by  Sir  Charles  Lyell  will  best  appreciate  the  overwhelming  evi- 
dence he  brings  to  bear  on  the  oscilktions  during  the  Glacial  epoch, 
the  submergence  of  continents,  and  the  conversion  of  contiuents 
into  islands;  and,  again,  in  after  periods,  the  reconversion  of  sea 
beds  into  islands  and  continents.  It  was  probably  during  the  period 
of  this  great  gradual  submergence  that  inch  by  inch,  and  little  by 
little,  some  of  the  great  Mammalia  of  the  Pre-glacial  continentid 
period  were,  with  the  plants  and  shells,  driven  southward,  and  that 
thousands  perished,  leaving  their  skeletons  in  the  frozen  drifts  of 
Siberia  and  the  ice-caverns  of  the  far  north.  It  is  a  problem  to  be 
yet  solved,  whether  or  not  the  Mammoth  and  Bhinoceros  of  Siberia 
were  all  Pre-glacial  inhabitants  of  those  arctic  regions,  whose 
descendants  migrated  southwards,  and  thus  the  species  were  pre- 
served in  temperate  latitudes  until  Post-glacial  times.  It  is  diffi- 
cult to  believe  that  those  animals  lived  in  Siberia  in  Post-glacial 
times,  for  there  is  little  doubt  that  great  cold  existed  in  temperate 
Europe  for  long  ages  after  the  land  had  assumed  much  the  same 
contour  which  it  now  possesses.  It  is  not,  however,  my  intention 
to  day,  to  do  more  than  allude  to  the  Glacial  epoch,  or  the  efifect  of 
that  long  era  of  cold  on  the  northern  hemisphere.  What  I  wish 
to  do  is  to  impress  upon  my  hearers  the  fact  that  the  maximum 
of  intense  cold  did  not  arrive  suddenly,  or  as  a  catastrophic 
change,  but  approached  gradually ;  and  was  brought  about  by 
physical  changes  of  sea  and  land,  by  the  elevation  of  highlands 
within  the  Arctic  circle,  and,  possibly,  by  astronomical  causes 
assisting;  also  that  these  causes  were  in  operation  and  had  com- 
menced in  later  Tertiary  times.  There  have  been  few  dis- 
coveries of  late  which  have  so  much  interested  geologists  as 
the  discovery  of  the  fact,  through  the  investigation  of  Professor 
Heer  and  other  botanists,  that  during  the  Miocene  epoch  a  rich  flora 
grew  within  the  arctic  zone,  in  latitudes  where  now  only  a  vast 
sheet  of  ice  and  snow  extends.  One  hundred  and  sixty-two  species 
of  flowering  plants,  forest  trees,  ferns,  and  cryptogamous  plants 
have  been  determined,  of  which  no  less  than  128  species  of  woody 
plants  alone  once  flourished  in  the  now  icy  north  ;  while  during  the 
same  period  we  know  that  in  England  there  flourished,  in  the  neigh- 
bourhood of  Exeter,  cinnamons,  vines,  figs,  laurels,  and  gigantic 
"Wellingtonias,  w^ith  tree  ferns  and  other  plants,  indicating  a  warm 
temperature.  And  to  these  points  I  would  especially  direct  attention. 
The  diflerence  of  latitude  was  marked  distinctly  in  Miocene  times  by 
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tLe  diffsnsiice  between  the  fi'Twen  and  trees  wliidi  gmr  in  Ae 
Arctic  zone  and  tboae  that  grew  on  the  flites  of  'what  is  now  DteiTon- 
ihir&  and  the  Isle  oi  Wi^t.  The  latter  were  more  tropicBl  m 
character.  And  now  we  retnm  once  more  to  the  Pre-^lacial  and 
Poet-gladal  epochs.  The  Pie-glacial  plants  in  the  Foiest-hed  of 
Norfolk,  which  are  foand  associated  witli  the  nnmerooi  Cnd 
Mammalia  I  have  already  alluded  to,  are  ]^ant8  that  indicate  a 
somewhat  colder  climate  than  now  exists  in  Norfolk,  as  is  dxywn 
bv  the  presence  of  Scotch  and  spmce  firs,  northern  firs  which  aie 
not  now  indigenous  to  Norfolk.  In  Pre-glaeial  times  we  haie 
evidence  of  the  climate  being  colder  than  at  present,  and  far  colder 
than  in  Tertixuy  dajs.  The  Glacial  epoch  proper  snoceedsr  snd 
this  term,  ''  Glacial  epoch."  should  be  nnderstood  to  apply  to  those 
unnnmbered  ages  when  the  cold  stole  gradoally  on  over  Pre-^adal 
lands  and  continents,  and  drove  the  Mammoth  from  the  frosen 
North,  and  wrapped  Northern  and  temperate  Europe  and  the 
British  Isles  with  snow,  and  ice,  and  glaciers,  as  North  Greenland 
is  covered  now ;  also  to  that  later  period  when  much  of  Northern 
Europe  and  the  British  Isles  were  submerged  beneath  the  waves  of 
a  Glacial  sea.  The  term  Post-glacial  may  apply  to  those  sabseqnent 
periods  when  the  present  lands  re-emerged  from  the  sea,  and  when, 
thou^  great  cold  was  still  prevalent,  and  glaciers  swept  down 
from  every  mountain  in  Wales  and  Scotland,  the  climate  was 
ameliorating,  and  a  more  temperate  change  was  gradually 
coming  on,  until  the  floating  iceberg  vanished  from  the  British 
seas,  the  glacier  melted  from  the  heights  of  Snowdon,  Ben 
Nevis,  and  Carran  Tual,  and  the  Arctic  plants  died  out  among 
the  valfffl  of  England  to  linger  only  among  her  mountain  tops. 
But  it  was  before  this  change  from  Glacial  times  that  the  animala  of 
the  Apperley  collection  lived  and  died,  and  left  their  bones  to  tell 
us  of  their  history  among  the  old  river-beds  and  sea-side  caves  of 
ancient  England.  Little  by  littie  we  gather  the  fragments  of  the 
past,  and  the  geologist,  the  botanist,  and  the  comparative  anatomist, 
labour  to  bring  the  fragments  together,  and  to  restore,  with  some 
degree  of  accuracy,  the  records  ot  the  men,  the  animals,  the  plants, 
and  the  climate  of  Europe,  which  in  Post-glacial  times  preceded 
our  own.  And  what  are  those  records  ?  Why  that  in  Post-glaical 
times,  when  the  land  of  Great  Britain  was  fashioned  much  as  it  is 
now,  and  the  hills  rose,  and  the  vales  swept  down,  and  the  rivers 
flowed  as  you  now  behold  them,  bitter  cold  still  lingered.  The 
winter's  snow  and  ice  filled  every  valley,  the  sea-straits  were  frozen 
more  than  half  the  year  roimd,  and  the  long-haired  elephant  and 
rhinoceros,  with  the  musk-ox,  the  bison,  and  the  elk,  roamed  over 
the  ico  from  Franco  and  Germany  to  the  downs  of  Salisbury  and 
Malvern,  and  along  the  banks  of  a  frozen  Avon,  Severn,  and  Wye. 
And  the  hunter  man  was  with  them,  for,  entombed  in  the  old  drifts 
which  were  deposited  by  melting  ice  and  snow,  or  swept  down  by 
ice-traversed  rivers,  or  gathered  together  in  caves  no  longer 
washed  by  torrential  streams,  we  find  the  bones,  weapons,  and  even 
the  ornaments  of  the  rude  race  which  feasted  on  the  mammoth,  the 
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rhinoceros,  and  the  hear;  and  we  know  that  man's  intelleot  was 
there,  for  sometimes  we  find  graven  the  shapes  of  those  extinot 
mammalia,  and  graven  upon  their  old  hones,  to  tell  us  gatherers  of 
these  dimly-preserved  records  that,  long  ages  ago,  a  representative 
of  God's  nohlest  creature,  at  least  on  this  planet,  lived,  and  not  only 
lived  hut  reasoned. 


I. — Palaontologioal  Memoibs  and  Notes  of  the  late  Hugh 
Falconeb,  A.M.,  M.D.,  V.P.R.S.,  For.  Sea  G.S.,  eta,  etc.,  with  a 
Biographical  Sketch  of  the  author.  Compiled  and  edited  hy 
Charles  Mxjbchison,  M.D.,  F.R.S.,  eta  Vol.  I.,  Fauna  Antiqua 
Sivalensis,  pp.  590,  34  plates.  Vol.  11.,  Mastodon,  Elephant^ 
Rhinoceros,  Ossiferous  Caves,  Primeval  Man  and  his  Cotempo- 
raries,  pp.  675,  38  plates.  8vo.  London :  Bohert  Hardwicke,  1868. 

THE  severest  test  of  friendship  is  deatL  Happy  is  that  man, 
who,  after  death,  shall  be  borne  in  kindly  remembranoe  by 
the  friends  and  comrades  of  past  years.  Yet,  of  these,  who  would 
be  found  willing  and  able  to  turn  aside  from  his  own  pursuits  and 
engage  in  the  task  of  raising— not  a  subscription  for  a  bust  or 
statue — ^but  a  colossal  literary  monument  to  the  memory  of  his 
departed  friend  ?  To  the  late  Dr.  Hugh  Falconer's  memory  both 
these  tributes  of  friendship  have  been  fully  paid.  Looking  baci  over 
the  three  years  and  a  half  that  have  passed  away  since  his  death, 
we  recall  numerous  instances  of  the  way  in  which  his  memory  lives 
among  us  still,  and  for  a  literary  monument,  which  will  outlast  our 
brief  remembrance,  the  book  before  us  attests  both  the  sterling 
worth  of  Falconer's  labours,  and  of  Dr.  Murchison's  friendship. 

Volume  I.  commences  with  a  biographical  notice  of  Dr.  Falconer. 
The  sketch  of  such  a  life  cannot  be  read  without  exciting  an  interest, 
not  only  in  the  man,  but  in  the  pursuits  to  which  he  devoted  his 
best  energies,  and  may  serve  as  a  stimulus  to  others. 

If  not  already  printed  as  a  separate  pamphlet,  we  would  suggest 

to  the  editor  that  copies  might  be  so  prepared  and  given  away  to  our 

public  schools  and  elsewhere  with  the  best  results.     For  if,  as 

Longfellow  writes : — 

**  Lvrea  of  great  men  all  remind  ns 
We  can  make  our  liTes  sublime, 
And  departing  leare  behind  us 
Footprints  on  the  sands  of  time  " — 

certainly  it  may  be  said  of  Falconer  that  he  has  left  behind  an 
example  of  energetic  work  and  earnest  labour  in  science  that  many 
may  do  well  to  imitate. 

No  better  illustration  can  be  cited  of  the  way  in  which  Falconer 
overcame  difficulties  than  that  mentioned  by  Lyell  in  his  address  in 
1837,  on  presenting  him  with  the  Wollaston  Gold  Medal  of  the 
Geological  Society  of  London  (given  that  year  in  duplicate  to  Capt. 
Cautley  and  Dr.  Falconer).  When  they  failed  to  obtain  Cuvieor's 
works  they  made  for  themselves  a  Museimi  of  Comparative  Anatomy, 
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by  kOling  and  collecting  the  skeletons  of  all  the  TniK^w  qnadn^eft 
and  reptiles  they  could  procnre,  and  thus,  while  oomparing  anl 
diflcriminating  the  different  recent  and  foonl  bonesy  tfaej  were  com- 
pelled to  see  and  think  for  themselves. 

This  Tolume  contains  the  long-deaidented  text  to  the  Tmtm 
Aniiqua  Siral^sia,  the  plates  of  which  were  ismed  many  yesn 
since,  of  folio  size,  without  letter-press.  In  34  octaTO  plates  sre 
contained  all  the  most  important  figures  of  the  Sewalik  HlU  Fanni. 
reduced  in  size,  and  re-drawn  by  Mr.  DinkeL 

The  chief  of  l)oth  Sir  Proby  T.  Cautfey's  and  Dr.  Falconei^s 
collections  are  now  lodged  in  the  Geological  Ghdleiy  of  the  Britidi 
Museum,  and  may  be  seen  in  Booms  III.,  Y.,  and  VL  Xo  singk 
series,  save  the  £nalio9auria  of  the  Lias,  occupy  so  much  space  or 
represent  so  much  value,  as  a  collection,  as  this  Sewalik  Hill  seiiea 
Some  idea  may  be  formed  of  the  richness  of  this  collection  of  animal- 
remains,  and  the  labour  involved  in  its  arrangement  and  description 
when  it  is  stated  that  108  folio  plates,  executed  by  Mr.  Ford  for  the 
original  work,  contained  figures  of  1123  specimens  (many  of  which 
are  represented  in  three,  four,  or  five  different  views),  and  that  t 
vast  number  still  remain  for  future  palseontologists  to  A-raiiniTip, 

Besides  the  description  of  this  grand  collection  in  YoL  L  is  also 
given  a  geological  skcteh  of  the  Himalayas,  and  a  description  of 
the  Sewalik  Hills,  where  the  the  Fauna  Sivalensis  was  unearthed; 
also  a  report  of  Falconer's  expedition  to  Cashmeer  and  Little  Tibet, 
which  contain  wonderful  descriptions  of  natural  sceneiy,  and  are 
full  of  interest  to  the  i)hy8ical  geologist  and  traveller.* 

Tlic  second  volume  has  38  plates  of  remains  of  Mastodon^  Elephoi^ 
EhinocrroHf  Cervus,  etc.,  etc.,  in  illustration  of  numerous  papers  by 
Falconer,  read  before  the  Geological  Society  and  elsewhere;  and 
otlicrs  edited  from  his  unpublished  notes. 

The  most  important  paper  in  this  volume  is  the  xxivth.,  entitled 
"  Primeval  Man  and  his  Cotemporaries."  This  important  historical 
essay  was  written  in  18G3,  and  intended  by  its  author  as  an  intro- 
duction to  a  distinct  work  "with  the  above  title,  the  object  of  which 
was  to  8et  forth  the  physical  proofs  of  the  remote  antiquity  of  the 
human  race,  and  the  pliysical  conditions  of  the  earth's  crust  prior  to 
and  at  the  date  of  man's  first  appearance.  No  one  could  have  been 
found  possessing  greater  ability  and  knowledge  than  Falconer  for 
this  undertaking,  and,  as  we  read  over  tliese  tiiirty  pages,  wo  find 
how  completely  ho  was  master  of  his  task.  To  Falconer's  extreme 
caution  and  the  frequency  with  which  ho  revised  and  re-studied  all 
his  views  and  observations  before  committing  them  to  the  press, 
must  l>e  attri])uted  the  fact  that  this  promising  work  on  primeval 
man  was  never  comi)leted. 

That  we  owe  to  him  tlie  inauguration  of  a  new  era  in  pre- 
historic investigation  can  be  clearly  shown,  for  before  the  explor- 
ation of  the  Brixham  Cave  at  Torquay,  no  systematic  examination 
of  ossiferous  deposits  had  ever  been  carried  out.  The  last  task  of 
his  great    and   unwearying  life  was  the  exploration  and  inves- 

^  See  extract  at  page  439  of  this  present  nomber. 
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tigation  of  the  fossil  contents  of  the  Grenista  Cave  at  Gibraltar,  in 
conjunction  with  Capt.  Brome  and  Mr.  Gkorge  Busk.  Betuming 
to  England,  in  order  to  support,  at  the  Council  of  the  Boyal  Society, 
the  claims  of  Charles  Darwin  for  the  Copley  Medal,  he  suffered 
much  from  exposure  to  fatigue  and  cold  on  the  Sierra  Morena,  owing 
to  the  breaking  down  of  the  diligence.  He  attended,  for  tiie  last 
time,  the  Council  of  the  Eoyal  Society,  January  19th,  and  died  on 
3lBt  January,  1865.  His  bust  is  placed  in  the  Boyal  Society's 
rooms  at  Burlington  House,  and  another  in  the  Museum  of  the 
Eoyal  Asiatic  Society  of  Bengal.  Before  long  the  "  Falconer  Fel- 
lowship "  will  be  founded  in  the  University  of  Edinburgh,  virhioh, 
with  these  two  volumes,  will  form  his  hest  memorials. 


n. — Monographs  Published  by  the  Pal^ontoobaphioal  Sooibtt. 
June,  1868,  Vol.  XXI.,  (Issued  for  1867.) 

rthe  Geological  Magazine,  1867,  VoL  IV.,  p.  409,  we  called 
attention  to  the  issue  in  June,  1867,  of  the  twentieth  annual 
volume  of  the  publications  of  .this  useful  Society  :  it  is  with  much 
pleasure  that  we  now  refer  our  readers  to  voL  xxi.,  the  contents  of 
which  are  as  follows : — 

1.  On  the  Flora  of  the  Carboniferous  Strata,  part  i.,  by  E.  W. 
Binney,  F.R.S.,  F.G.S.,  (with  six  plates.) 

2.  Supplement  to  the  Fossil  Corals,  part  iv.,  No.  2,  Liassic  Corals, 
by  Dr.  P.  Martin  Duncan,  M.B.  Lond.,  F.R.S,,  etc.,  (with  six 
plates.) 

3.  The  Fossil  Echinodermata  (Cretaceous)  vol.  i.,  parLii.,  by  Dr. 
Thos.  Wright,  F.R.S.E^  F.G.S.,  (with  fourteen  plates.)  • 

4.  The  Fishes  of  the  Old  Red  Sandstone,  part  L,  by  Messrs.  J. 
Powrie,  F.G.S.,  and  E.  Bay  Lankester,  (with  five  plates.) 

6.  The  Pleistocene  Mammalia,  part  ii..  Felts  spelaa  continued,  by 
Messrs  W.  Boyd  Dawkins,  F.R.S.,  F.G.S.,  etc.,  and  W.  A.  San- 
ford,  F.G.S.,  (with  14  plates.) 

Containing  in  aU  45  lithographic  plates  (9  of  which  are  double- 
quarto  size,)  and  238  quarto  pages  of  text.  * 

1.  Mr.  Binney  is  a  new  contributor  to  the  publications  of  this 
Society,  but  his  name  has  been  well  knovni  for  more  than  twenty  years 
in  all  matters  relating  to  the  Geology  and  Flora  of  the  Coal-measures. 
So  long  ago  as  1844,  Mr.  Binney  pointed  out  (in  the  Trans.  Manchester 
Philosophical  Society)  the  connection  between  the  "bell-mounds" 
(i.  e,  the  stumps  of  Sigillaria^  from  which  radiated  the  Stigmaria 
jicoides,  the  roots  of  Sigillaria,)  and  the  prostrate  stems  covered  with 
scars  and  flutings  called  Sigillaria ;  and  he  cJso  showed  that  several 
species  formed  upon  the  leaf-scars  of  the  trunk  (as  Sigillaria  caters 
ulata,  reniformisy  organum,  and  altemans),  were  all  referable  to  differ- 
ent conditions  of  the  same  stem. 

In  the  valuable  memoir  published  in  1848,*  "  On  the  Vegetation 

^  In  Vol.  II.,  Part  II.,  Memoirs  of  the  Geological  Survey  of  Great  Britain,  1848, 
pp.  387-456. 
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cf  t£i<  CaHr^iiiVrc'^is  peri:*!  m  coaipttred  with  diat  of  the  pnnt 
dAj.*^  Dr.  H  :t/cer  sskTi.  ~  I  &m  Bftinij  indebted  to  Me.  BEnaey  for 

aU  I  kiLOw  of  iL<  mritft  iiLpDrtanc  fefttnres  of  ^kuM  geaxm»"  (L  c^  SfA- 
imn* .  Az>i  whj^c  iL.Tien^ixiao3  of  their  habit,  mode  of  grcywtii,  ad 
of  tbeix  CTjimejdoa  with  the  5r^fiMn'tf,  aie  beyond  all  pnue."  Be 
fiiitL«e7  aii«ia.  -*  In  the  Man>JKeier  Mmcum  there  is  a  loom  t^rMtt 
er.iirel V  drT  x^i  to  illostrating  the  Botuij  of  the  Coal  Ibnn^doB. 
Tn-r  ori^'iiial  sf^icmirzis  of  iome  SipUari^^  and  models  of  othenoftk 
naMral  »Lze.  collectei  and  transpozted  with  great  labomr,  and  aimged 
tinder  Mr.  EumeT's  directionf  present  to  the  eye  the  grandest  fm- 
tares  cf  the  C*:^  flora.  Accostomed  ss  I  had  be^  to  see  these  fooik 
iM  ti'f  u.  l-:<tL  In  the  pit«  and  in  qnarrieSy  I  had  previously  no  sde- 
qoate  coloj  tion  of  their  gigantic  size,  nor  of  the  rapidity  with  idikh 
Cfjsl  maj  Lave  Uren  f.^rme^L  if  the  tisBiies  of  these  vegetables  were  ai 
lax  sfl  I  SGpp>se  them  to  have  been.^ 

The  pn.aent  monograph  treats  of  Calmnitt9  and  Caimmodemdron,  and 
the  antLor  premises  his  own  remarks  on  the  specimens  figured  by  i 
short  history  of  all  which  has  been  already  written  as  to  these  forms. 
Although  the  long  delay  which  has  occurred  in  the  publication  of  Mr. 
Binney's  paper  has  caused  other  authors  to  anticipate  him  to  a  gieat 
extent  in  the  results  of  his  examination  of  the  microscopic  btructun? 
of  these  interesting  coal-plants,  yet  the  author^s  observations  on  their 
geological  position  and  mode  of  occurrence  in  the  various  beds  of  Coal 
are  of  the  greatest  value,  and  the  beautiful  plates — executed  by  Mr.  J. 
K.  Fitch,  mostly  from  specimens  prepared  by  Mr.  Cuttell,  whose  skill 
in  slir-ing  and  mounting  sections  of  fossil  wood  deserves  all  praise, — 
render  the  niunograph  of  still  greater  value.  We  cannot  but  regret 
that  the  ayhor  shuuld  have  adopted  for  his  specimens  Brongniart's 
name  Calamodendron  instead  of  Calami'tes,  th^name  given  by  Suckow 
in  1784,  and  since  accepted  by  all  subsequent  writers ;  the  more  so, 
as  he  says — "  no  attempt  will  be  made  to  distinguish  the  genus 
Calamodendron  from  the  old  genus  Calamites.**  Let  us  get  rid  of  all 
superfluous  names  from  our  scientific  nomenclature  as  fast  as  we  can, 
and  if  the  genera  Asterophyllifes,  Annularia,  Sphtfiophyllum,  and  Cah- 
modendron  (with  several  others),  all  mean  the  same  thing  as  Cola- 
mites,^  let  us  make  synonyms  of  them  at  once. 

2.  Dr.  Duncan  continues  his  labours  on  the  Fossil  Corals  of  the 
Lias,  which,  as  we  observed  in  a  former  notice  (Geol.  Mao.,  Vol. 
IV.  p.  409),  makes  us  acquainted  with  an  entirely  new  series 
of  British  species. 

In  the  present  part  the  author  gives  us  the  history  of  the  Corals 
from  tho  Zone  of  Ammonites  angxUatua,  He  describes  and  figures 
MontUvaltia  Ruperti  and  Isastraa  Tomesii,  and  then  discusses  the 
Corals  of  tho  British  and  European  Lower  Liassic  Deposits  of  the 
zones  of  Ammonites  anpulatus,  Ammonites  planorhis,  and  Avictda 
contort  a. 

It  appears  from  Dr.  Duncan's  observations  that  there  was  a  great 

»  V.  417,  op.  cit. 

*  For  obBcrvntioiii}  upon  these  interesting  plant-remains,  see  Notice  of  Dr.  Dawton's 
work  on  Acudian  Geology  in  Gbological  Maoazinb  for  July  last,  p.  332. 


The  PaUBontoffraphical  Society.  427 

development  of  Coral -life  in  the  Azzarola  series  (as  seen  in  the 
south-eastern  slopes  of  the  Alps  on  the  Lake  of  Como,  and  on  the 
north-western  slopes  to  the  south  of  the  Lake  of  Geneva),  but 
scantily  represented  in  the  western  and  north-western  European 
Avimda  contorta  zones,  in  the  White  Lias,  and  in  the  zone  of 
Ammonites  planorhis,  followed  by  another  even  more  luxuriant  de- 
velopment of  sjpecies  in  the  zone  of  Ammonites  angulatus  (sixty-one 
species,  of  which  fifty  are  found  in  the  British  Isles),  a^in  suc- 
ceeded by  a  paucity  of  species  in  the  zone  of  Ammonites  Bueklandi. 

Dr.  Duncan  then  proceeds  to  describe  in  detail  the  corals  of  this 
last-named  zone  (seven  in  number) ;  also  of  the  zone  of  Ammonites 
ohtusus  (one  species),  Lower  Lifiis  ;  the  zone  of  Ammonites  raricostatus 
(four  species).  Lower  Lias;  the  zone  of  Ammonites  Jamesoni  (one 
species),  MiddleLias;  the  zone  of  Ammonites  Henleyi  (one  species). 
Middle  Lias. 

At  the  end  the  author  adds  an  account  of  some  corals  from  the 
zones  of  Amm.  planorhis  and  Avicula  contorta  (forwarded  after  the 
first  part  of  his  monograph  was  finished),  and  a  note  on  the  age 
of  the  Brocastle  and  Sutton  stone  deposits,  etc.  Seven  woodcuts 
and  six  very  admirable  plates,  which  reflect  the  highest  credit  upon 
Mr.  G.  R.  De  Wilde,  complete  this  useful  monograph. 

3.  Dr.  Wright  continues  his  description  of  the  Echinodermata 
from  the  Chalk  and  Greensand.  From  the  White  Chalk  we  have 
figures  and  diagnoses  of  Cidaris  hirudo  and  C.  intermedia ;  from  the 
Grey  Chalk,  C.  Dixoniy  C.  pleracantha ;  from  the  Sponge-gravel,  near 
Farringdon,  Berkshire,  Cidaris  Farringdonensis, 

The  additional  notes  on  Cidaris  elavigera,  Konig,  with  figures  of 
thirteen  different  forms  of  spines  found  attached  to  this  very 
variable  Upper  Chalk  species ;  also  those  on  Cidaris  peromata,  and 
C.  Dixoni,  with  figures  of  the  spines  of  C.  Bowerhankii ;  and  a  note 
on  the  Cidares  of  the  Eed  Chdk  of  Hunstanton  and  Speeton,  at 
present  only  known  from  their  spines,  are  contributed  by  the  Rev. 
T.  Wiltshire,  F.G.S.,  the  Honorary  Secretary  of  this  Society,  who 
has  long  collected  and  studied  British  Cretaceous  Fossils. 

Dr.  Wright  then  gives  a  resum^  of  M.  Cotteau's  classification  of 
the  Diademada  and  proceeds  to  describe  eleven  species  of  Pseudo- 
diadema  from  the  Grey  Chalk,  GJault,  and  Upper  and  Lower  Green- 
sand.  W^e  rejoice  to  see  Dr.  Wright  has  made  free  use  of  the 
pnining-knife,  and  that,  although  he  has  made  two  new  species  in 
this  genus,  he  has  made  synonyms  of  twenty  old  ones. 

Of  Mr.  Bone's  plates  it  is  needless  to  say  more  than  that  this 
veteran  artist  continues  unsurpassed  in  the  charming  softness  of 
his  plates,  which  resemble  pencil -drawings  more  than  lithography. 

4.  Mr.  James  Powrie  and  Mr.  E.  Ray  Lankester  contribute 
their  first  part  of  a  Monograph  of  the  Fishes  of  the  Old  Red  Sand- 
stone of  Britain.  The  present  part,  on  the  Cephalaspida,  is  under- 
taken, we  observe,  by  Mr.  E.  Ray  Lankester  alone,  his  colleague 
Mr.  Powrie,  being  engaged  on  another  portion  of  their  monograph. 

In  this  brief  notice  we  cannot  give,  as  we  should  wish  to  do,  an 
outline  of  this  interesting  group  of  fossil  fishes, — the  earliest  of  all 
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known  forms  of  Tfrt£hrMtA,  Hie  ihields  of  these  old  fiiheB  IR 
oertainly  m<:4t  unlike  the  ordinary  lehthTic  tvpe,  and  aerenl  <•• 
CfphaUipU,  Auckenrntpi*^  DiJywiMtpiMy  and  TkfeMie*)  have  a  mimetic 
resemblance  to  the  head -shields  of  those  remarkable  FalBoaoic 
<.*ninacea,  classed  by  3Ir.  Woodward  in  the  order  Jfer^tiumtitt.  Bi4 
examined  microsojpdcally.  the  shield  is  found  to  be  composed  rf 
three  layers,  the  innerm*>st  layer  haying  nnmerons  b**""^^  ombosi 
Ue^m^e  and  canalicali.  whilst  large  Tascolar  <^timI«  traverse  it  mj 
obliqaely  in  their  (»arse  towards  the  middle  layer ;  tbia  is  oonnl 
by  a  close  superficial  network  of  TesaelSy  and  is  permeated  bj 
Tascular  canals ;  the  oater  layer  appears  stmctiireleBS*  or  (Iika 
enamel  >  to  be  made  up  of  minute  fibres.  Sncb  m  atmctiixe  as  tius  ii 
wholly  unlike  that  of  any  known  Crostaoean. 

Several  genera  of  the  CfphaUipitUt  have  been  veferxed  to  other 
classes.  Chie  'ArchaoUuthU  dmrnentU)  having  be^i  referred  to  the 
< Juttle-fishes,  another  [St^wMdietyum  etrnMcum)  to  m  sponge !  etc 
etc. 

3Ir.  Lankester  thinks  the  mouth  of  PttrMpU  was  destitnte  of  teeth, 
and  that  it  was  probably  suctorial  in  form.  He  places  Semphaapk, 
CythMpU,  and  Ptera^pis,  in  the  Heterostracous  section,  and  Ceph^ 
UjtpU,  Auchenaspis,  Didynuupii,  and  ThyetUSf  in  the  Osteostracous  sec- 
tion. The  five  plates  which  accompany  the  text  are  admirably-well 
and  accurately  drawn  by  Mr.  Fielding,  but  there  is  little  beauty  for 
the  eye  to  dwell  upon,  the  chief  interest  of  the  specimens  consisting 
in  the  high  antiquit^^-  of  these  Vertebrate  remains. 

5.  Messrs.  W.  Boyd  Dawkixs  and  W.  A.  Sanfobd  complete  the 
volume  with  the  second  part  of  their  monograph  on  />/u  speku. 

Chapter  vi.  treats  of  the  skull  of  Feii*  spelaa,  every  element  of 
which  is  most  carefully  compared  and  described  with  the  greatest 
accuracy  of  detail.  Chap.  vii.  is  devoted  to  the  Dentition.  Chap.  viiL 
deals  with  the  Vertebra  and  the  Sternum.  Chap.  ix.  is  devoted  to 
the  Scapula.  Chap.  x.  to  the  HumeruM,  Chap.  xL  to  the  Femur. 
Chap.  xii.  to  the  Tibia,  Fibula,  and  Patella.  To  each  chapter  care- 
fully prepared  tables  of  comparative  measurements  are  appended  of 
all  the  specimens  from  the  various  caverns  explored,  together  with 
the  measurements  of  the  corresponding  bones  of  Felit  leo  and  F.  Ugri*, 
in  the  British  Museum.  The  Plates,  ll  in  number  (including  nine 
double  quarto  size,)  are  carefully  lithographed  by  Mr.  W.  Bidgood, 
of  the  Taunton  Museum,  chiefly  from  drawings  made  by  Mr.  W.  A. 
Sanford.  The  earnest  and  laborious  efforts  of  both  authors  to  make 
their  monograph  as  complete  as  possible,  is  everywhere  apparent, 
and  no  one  who  has  not  himself  worked  at  comparative  anatomy  can 
fully  appreciate  tho  amount  of  hard  work  which  these  seven  chapters 
represent. 

Viewed  as  a  mere  pecuniary  matter,  we  know  of  no  such  a  guinea 
volume  in  the  world  as  this  annual  volume  of  the  Pal^ontooraphi- 
(;al  Socikty.  All  who  are  interested,  however  slightly,  in  Greology, 
should  at  once  join  this  useful  Society,  and  thus  render  its  power  to 
promote  science  greater  by  adding  to  its  means.  And,  instead  of  one 
volume,  we  may,  ere  long,  receive  two  annually  I 
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in. — Professob  Eneb's  Classification  of  the  Ganoids. 

Considered  by  Dr.  Chbibtzan  LUtkhn,  Assbtant  Zoologiat  in  the  Miueum  of  the 

Uniyersity  of  Copenhagen. 

THIS  little  paper  adds  to  the  already  well-earned  renown  of  its 
author  as  an  Ichthyologist ;  and  the  subject  of  which  it  treats 
is  so  important,  that  the  attention  of  PalsBontologists  should  be 
drawn  to  it  through  the  pages  of  the  Geological  Magazine. 

Professor  Ener  announces  his  conviction  that  the  order  of  Ganoids 
is  not  a  true  natural  assemblage ;  he  considers  it  to  be  rather  opposed 
to  the  development  of  the  true  natural  system.  The  argument 
which  he  puts  forth  in  support  of  his  statement,  is  that  none  of  the 
characters  which  have  hitherto  been  proposed  for  the  order,  are 
precise  or  exclusive ;  in  fact,  it  is  not,  so  to  speak,  properly  circum- 
scribed at  all.  He  criticises  the  definitions  given  to  the  Gkmoids  by 
Agassiz,  J.  Muller,  Heckel,  Pictet,  and  Owen,  showing  that  the 
characters  proposed  are  either  such  that  their  existence  cannot  be 
established  in  the  fossil  specimens,  or  else  that  they  are  such  as 
they  possess  in  common  with  fishes  of  oth^  orders,  or  lastly,  such 
as  only  occur  in  a  more  or  less  limitM  degree  among  the  various 
genera  commonly  regarded  as  Ghmoids, — ^they  are,  in  short,  neither 
precise  nor  absolute. 

But  I  think  that  Prof.  Ener  goes  too  far  when  he  claims  that 
every  systematic  division  (especially  the  higher)  shall  be  founded 
on  precise  and  absolute  characters,  such  as  are  without  exception, 
and  which  they  have  in  common*  with  no  other  class,  order,  etc. 
We  must  accept  the  natural  divisions  as  nature  herself  has  estab- 
lished them,  and  define  them  as  weU  as  we  are  able.  I  do  not 
know  if  Prof.  Ener  will  be  capable  of  giving  a  single  precise  and 
absolute  character  of  a  Saurian,  a  Fish,  a  Snail,  or  a  Crustacean ; 
but  I  doubt  it  very  much,  and  I  do  not  see  why  the  poor  Ganoids 
should  be  more  severely  treated  than  the  most  natural  divisions  of 
the  animal  kingdom.  I  heartily  agree  with  Prof.  Ener  when  he 
writes,  "I  cannot  recognize  the  order  of  Ganoids  as  a  natural  group 
at  least,  not  with  the  limits  which  are  at  present  given  to  it, 
and  I  believe  that  its  limits  are  to  be  drawn  in  a  narrower  and 
sharper  manner  than  hitherto."  But  he  goes  further,  and  states  that 
the  fossil  Ganoids  are  not  only  the  ancestors  of  the  living  ones,  but 
of  all  later  and  recent  Teleostei;  and  that  those  characters,  which 
have  been  regarded  as  determining  a  Gunoid,  are  simply  a  common 
stamp  of  antiquity  impressed  upon  those  primeval  types.  ("They 
do  not  represent  a  single  definite  order,  but  rather  the  whole  amount 
of  development  of  the  recent  Teleostei ;  they  are  the  expression  of 
the  law  of  progressive  evolution  in  the  class  of  fishes,  whose 
principal  types  and  great  families  are  already  represented  among 
them  by  the  means  of  prototypes.")  Besides,  Prof.  Ener  gives  no 
clue  for  subdividing  the  Ganoids  and  classing  them  with  the  more 
recent  families,  of  which  they  are  the  presumed  prototypes.     The 

^  [Betrachtungen  iiber  die  Ganoiden  als  natislische  Ordnnng.  Sitzuugsberichte  d. 
k.  k.  Akad.  d.  Wifisench.  Wien.  Band  Uy.,  1866.] 
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I/Tit  f(A*/:«  cr^vicj  of  a£xurr  T^yvirii 
tif/JT  '\tk*h  *i^  m-7«:  iif^Rz;:  trpes  '^  the  Ktaal  *pt:cSi.  Is  '"^hii  3i 
«nA w<;r  that  th<;  ffVKtL'^tic  DuKiicd  woold  gire  os,  w^ten  ^rp&d  a  de 
|.r«s^:Tit  *\'\«r^x.'.z^i  J  ic^An  tLa:  ciedfOii  wLiclu  grrziig>  iq)  ail  p»- 
t/iurj^yA  \A*^A.  pfttientlj  potrin^  g'^suis  Mj  gea^is.  nntfl  ^milief  sr? 
forr/i/:^].  ^ifi^]  Diriiiiy  to  fkmilT  after  ti^Hr  nanxral  affinities,  annl  ihe 
vrJjoJ<;  >ijrii?>;Tr»a*ic  huiLiin^  fitanij  l^fiTc  n*'?  Confiimg"  np>n  i 
fAThfil  j¥;riiJiaJ  of  all  the  more  •importani  p:ibliGadoa3  of  the  lis: 
thirty  y';an  on  fifJ».*icht}jyoIogy,  I  venmre  to  gire  a  negadve  answer 
t/;  tliM  qij<;<(tiori.  It  18  XDV  intention  shortly  to  treat  this  subject 
r/ion:  ftiiJy.  liut,  in  the  mean  time,  I  will  jost  state  what  I  beliere 
to  \r*s  i^M  chief  PrfiuJtH  of  the  Scientific  labours  bestowed  upon  that 
iiu\fttrttitii  r|iieHtiori, — the  systematic  arrangement  and  limitation  of 
GanoirJu.  —  that  others  who  have  also  studied  this  subject  may  hare 
tin  o|i|xirtiinitj  of  oornjiariiig  my  humble  thoughts  on  the  subject 
with  thf;ir  owTj  results. 
'I'he  UaiioidH  fonn  threr^  great  divisions  or  series  : — 
A.  hipiiloMUid^,  com[>oBing  all  the  genera  that  through  their 
anriour  of  rhombiforous  ganoid  scales,  position  of  the  ventials, 
Ht.riif;tiin)  of  the  ])aired  fin,  fulcral  scales  on  the  fin-borders,  presence 
of  Inin  branch ioHt^^gal  rays,  etc,,  are  related  to  the  recent  IJepidostei. 
I  know  of  no  satisfactory  division  of  this  series ;  that  whidi  I 
sliouM  most  roconimend  is  the  old  division  into  Heterooerci  and 
ll<)iMO(M;n:i ;  also  talking  into  account  the  very  different  size  of  the 
Hmltrn,  1*W  inHtan(M)  (y/u^iro/cpi^  *  is  microlepidote  and  heterooercal; 
iSauropjiiif,  microlepidote  and  homocercal ;  Palaoniseus,  macrolepi- 
dot4)  and  hot.(Tocon;<'il  ;  Lttpidotus,  macrolepidote  and  homocercal. 
Milt  it.  is  very  doubtful  if  any  definite  limit  of  demarcation  can  be 
drawn  iHttwoon  smaller  and  hirgor  scales,  and  between  heterocercal 
and  Nub-liomoocroal  caudal  fins,  and  still  more  so,  if  such  limits 

I  ProftHHKir  Youtip'a  (iuicovorjr  of  tho  *' ju^lar  pUtes  "  of  thii  geaiu,  hai  made  its 
puiitiou  Mumowhut  duubtful. 


Considered  by  Dr.  Christian  LiUken. 
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would  be  at  all  natural.  That  no  sharp  line  of  demarcation  diyides 
the  palseooercal  and  neooeroal  typee  is  well  known.  Sab-homo- 
oercal  Lepidosteida  appeared  as  early  as  the  ''Djas/*  and  tme 
heterocercal  genera  continued  as  far  down  as  the  Lias.  Like  the 
Gfuioids  generally,  so  also  this  sub-division  cannot  be  defined  by 
any  single,  precise,  or  absolute  character;  the  ''fulcra*'  are  also 
found  in  ancient  Teleosteans  and  Lepidopleurida,  the  rhomboidal 
articulated  scales  in  many  Oro8$opieriy  etc.  ;  nor  are  the  fulcra 
discovered  in  all  LepidosteidcB^  This  division  can  only  be  defined 
in  a  negative  manner,  as  comprising  those  rhombiferous  Gkmoids 
which  have  neither,  the  distinctive  marks  of  the  Lepidopleurida  nor 
those  of  the  CroMopteri,  but  which  forms  nevertheless,  as  far  as 
I  am  able  to  judge,  a  very  natural  assemblage  of  genera. 

B.  Lepidopleurida  or  ^e  Fyenod<mlU,  easUy  recognisable  by  their 
dermal  ribs,  and  by  the  peculiar  manner  in  which  their  scales  (when 
present)  are  interlocked  and  attached  to  those  ribs  ("lepidopleura"). 
Each  of  the  three  tribes  composing  this  sub-division  has  its  peculiar 
geological  distribution : 


a.  PUurotomi 


(fulcrati,  heterocerci.) 
Carboniferous,  Permiair. 


h.  Fliuroldpidis 
(falcnti,  homocerd.) 


(non-fulcrati,  homooereL) 


Menozoic  Neozoic 

(Liaasio,  (Cretaceons, 

Liasric.                       Oolitic,  Eocene). 

Cretaceous).' 

The  systematic  unity  of  these  tribes  has  been  attacked  by  Heckel 
and  Wagner  (two  of  tlie  chief  authors  on  this  group),  but  it  is  put 
beyond  doubt  by  the  excellent  writings  of  Egerton  and  Young. 

C.  To  the  great  mind  of  Professor  Huxley*  we  owe  the  estab- 
lishment of  the  third  sub-division,  or  that  of  the  Crossopteri,  dis- 
tinguished by  their  "  lobate  "  paired  fins,  the  more  or  less  diphy- 
cercal  (never  homocercal)  tail,  the  absence  of  branchiostegal  rays, 
the  presence  of  jugular  plates,  etc.  They  form  five  fieimilies  and 
two  "  sub-series." 


a.  Rhombxferi, 

1.  Rhombodipterine*  (2  dorsal  fins,  De- 

Tonian  and  Carboniferous). 

2.  Fidffpttrini   (a   multifid    dorsal   fin. 

Eecent). 


b,  Cfydiferi, 
8.  OffclodipUrini  (2  dorsal  fins,  Beronitn 
and  Carboniferous). 

4.  PhansrepUurini  (a  sinj^e  dorsal  fin, 
BeTonian  and  Carboniferous).* 

5.  Ctelacanthini^  (Carboniferous,  Per- 
mian, Triassio,  liassic,  Oolitic,  Cre- 
taceous). 

1  In  Aipidorhf/nehut,  where  they  are  generally  thought  to  be  wanting,  they  are 
neyerthele«8  figured  and  described  by  Pictet 

^  A  single  species  from  Lebanon,  Palaobaiistum  Oadelii. 

3  Strange  to  say,  the  ingenious  ** preliminary  essay"  of  this  excellent  author  is 
far  less  known  among  continental  palasontologists  than  it  ought  to  be.  No  other  work 
since  the  time  of  A^ossiz's  **  Rechcrches  "  has  advanced  the  progress  of  Palseichthy- 
logy  so  much  as  this  admirable  book.  Will  the  author  forgive  my  suggesting  the 
slight  modification  of  his  arrangement  expressed  in  the  terms  **  Jthombodtpterini " 
and  ''  Cyclodipterini "  /  or  my  intimating  that  Oyraptyehiua  should  apparently  be 
removed  to  the  cycloid  division  of  the  IHplerini  ? 

^  **  Uronemus  lobatut^'*  Ag.  and  Otelacanthui  Miinsteri  f Permian  f)  are  said  to  be 
related  to  PhaneropUuron. 

^  To  the  genera  enumerated  and  discussed  by  ProC  Huxley  in  his  recent  numogn^ 
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It  will  not  be  denied,  I  believe,  that  these  are  die  i^w'*!'*'  mtml 
nuMiv'iMonH  of  the  GanoidB,  and  that  the  tfai«e  greaa  ^wearn^ 
namely,  the  IjepidoBleida,  Lepidoplemd>mf  and  Cro^mfpieri,  are  doidtr 
relaUnl,  eHfjcciHlly  through  their  more  ancient  types,  and  eannotbe 
separated,  While  I  would  exclude  from  the  Ganotds  aU  oAer 
tyf^frs,  e,g,f  the  Dipnoi  (^Lepidomren;,  Simnonidmj  Amddm;  the  Juambt 
TeUoMtei  (Ix^ptolepides;  Megaluri,  Catmri,  which  are  peculiar  tjpfli 
or  simply  families  of  the  true  Teleo$tei  PkywoMtomi;  the  HcpUplmndm 
Dereeti/armeBf^  which  are  true  Teieottei  (PhffuotiifMii  f)  withost 
flanoidoan  affinities;  the  Aeanihodida,  which  are,  perhi^3s»  bettir 
pluiM)d  with  tlie  Selachians;  the  Placodenna,  and  CepkaloMfiit 
(**  inc^rtiv  sedis  "),  at  least  provisionally.  I  would  limit  the  Ganoidi 
(whi(;h  I  regard  only  as  a  peculiar  sub-order  of  the  Pky§ogiomi)  to 
the  throe  alKjvc-iiamed  tyi>e8,  and  thus  define  them  : — 

**  Every  fish  of  the  order  FhyiOitomi  (comprising  those  fish  whidi 
genonilly  have  an  air  tube,  abdominal  fins,  and  soft  articulated  rays) 
is  a  (ianoid,  which  has  either  the  rhomboidal  articulating  scales  oft 
Jitipido$itu8  ;  the  interlocked  scales,  attached  to  the  dermal  ribs  ci  t 
Pytmodoni ;  the  *'  lobate  "  fins  and  jugular  plates  of  a  PoifpUm : 
or  Uittt  combines  several  of  these  characters." 


lY. — Cretaceous  Beptiles  of  the  United  States. 

UNDKll  this  title  Professor  Leidy  published  in  1865,  in  the  Smith- 
sonian ( Vmtributions  to  Knowledge,  a  monograph  of  the  species 
of  Roptiles  then  known,  from  the  strata  usually  called  Cretaceous,  in 
New  Jersey,  Nebraska,  Missouri,  and  other  localities  in  the  United 
suites. 

It  makes  kno\vn  by  120  pages  of  letterpress  and  20  plates,  a  fauna 
of  28  spoci(>s,  eight  of  which  find  their  names  in  the  concluding 
synopsis :  the  table  of  contents  enumerates  20  species.  Ten  of  the 
28  Hp(*cios  find  their  descriptions  here  for  the  first  time,  and  20  of  the 
spocios  ai)]>oar  to  have  been  first  named  by  Professor  Leidy.  He 
states  that  he  has  been  occupied  on  the  monograph  for  seven  years, 
and  if  t lie  nwilt  should  appear  to  be  slight,  we  can  well  understand 
the  diflloulty  of  determining  species  with  the  conscientious  desire  for 
a(Hnir«cy  which  the  l^rofessor  displays,  from  the  fragmentary 
material  sat  his  command.  Two  genera  (Mosasaurusand  Hadrosaurus) 
ocoupy  70  pages,  while  several,  founded  on  teeth,  are  rapidlj'  dismissed ; 
HUo1iare>lit(r<)({oi),  Tomod(m,TUog<modonjPolygonod(my  Trachodonj  Pirato- 
$auru»,    Polytjonodun  presents  the  form  of  Saurocephaltu,  for  which 

of  (WfrrfiM/AiMf,  tliiit  I  have  ju8t  now  been  fortunate  enough  to  procure,  should  be 
■d(l(Hl  the  TriaHttic  (fmphiwvs  of  Kner,  who  will  give  us  some  information  on  the 
Jitmhftypu9  of  Af^niwix,  that  appears  also  to  belong  to  this  family  (or  of  the  Gyro»te¥$, 
Mia  to  W  relutHl  to  CAoMtirwteus^  £g.).  Descriptions  of  several  species  of  rn^Mo 
tliat  have  eiH'a]HHl  the  attentive  care  of  Vrof,  Huxley  will  be  found  in  Wagner's  and 
Thn^lliere'ii  dtiicriptioiut  of  the  fishes  of  the  lithographic  slates  of  Bavaria  and  France. 
*  I1u8  itiiiguhir  fiiniily  is  noticed  in  IHctet  and  Humbert's  *'  Poissons  fossiles  du 
Liban.**  It  is  ver}*  characteristic  of  the  Cretaceous  period.  I  would  nevertheless 
pn>]KNtc  to  unite  with  it  the  lYiassic  genera  BHtmorhynckut  and  leAtMyorM^neAm,  the 
uldost  known  (not  Ganoidesn)  T§l40tUi, 
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the  figure  of  it  would  well  pass.  If  really  reptilian,  we  should  place 
it  among  the  Motasauri;  Professor  Leidy  suggests  that  it  may  belong 
to  either  of  his  genera  DitcosawruB  or  Ctmo/ioMtfrus.  But  Uiese  are 
Plesiosaurs,  and  with  the  Plesiosaurian  tooth  Polyganodtm  has  nothing 
in  common.  Fliogonodon  is  not  figured ;  the  Professor  suspects  the 
teeth,  without  assigning  any  reason,  to  have  affinity  with  Mosasaurus. 
To  judge  from  his  description  of  the  circular  crown,  with  numerous 
plicas  on  the  inside,  they  would  appear  to  be  mere  Plesiosaurian. 
Tomodon  is  thought  likely  by  the  author  to  be  a  tooth  of  Otmolia- 
$aurus  or  Diacoaaurus.  It  is  short,  flattened  and  broad,  with  finely 
denticulated  sharp  borders  in  front  and  behind.  We  see  no  con- 
clusive evidence  that  Tomodon  is  a  reptile ;  it  certainly  is  as  unlike 
as  could  be  to  a  Plesiosaur  tooth,  and  is  probably  Mosasauroid.  The 
resemblance  of  the  tooth  called  PircUoiaurua  to  Fclypiychodon  is 
noticed,  but  it  is  really  closer  to  some  of  the  Plesiosaurs  found  at 
the  base  of  the  English  Oxford  clay.  ^<rodon  presents,  as  Professor 
Leidy  remarks,  much  resemblance  to  the  teeth  usually  referred  to 
HyUeosaurus ;  we  should  anticipate  that  they  will  prove  to  be  the  in- 
cisor teeth  of  Hadrosaurus,  just  as  the  supposed  teeth  of  Hyktasaunu 
are  probably  the  incisor  teeth  of  Iguanodmu  T^aehodon  only  differs 
from  Hadrosaurus  in  the  latter  having  the  edges  slightly  serrated, 
and  is  allowed  by  Professor  Leidy  to  be  probably  referable  to 
Hadrosaurus,  Discosaurus  vetustus  and  Cimoliasaurus  magnus  are 
Plesiosauiian  vertebrag  of  the  common  Cretaceous  type,  with  flattened 
articular  surfaces,  and  for  all  that  we  can  see  to  the  contrary,  should 
both  be  referred  to  one  species  of  Plesiosaurus ;  Cimoliasaurus  is 
founded  on  the  cervical  and  dorsal  vertebne ;  Discosaurus  on  the 
caudal  vertebrae.  The  species  is  distinct  from  any  yet  published, 
but  apparently  most  nearly  paralleled  by  one  from  the  English 
Portland  Bock. 

Thoracosaurus  neocesariensis  (de  Kay)  is  the  Crocodilus  basifiuus 
of  Professor  Owen.  It  is  a  true  Crocodilian,  and  has  its  skull,  teeth, 
and  some  of  the  vertebrae  figured,  and  in  many  details  of  the  skull 
presents  considerable  affinities  with  the  GavisJ.  As  the  Professor 
points  out,  the  resemblance  is  close  with  the  European  Crocodilus 
macrorhynchus  figured  in  De  Blainvilles'  Osteographie.  The  formation 
of  a  distinct  genus  could  perhaps  be  sustained,  but  no  evidence  in 
favour  of  such  a  step  is  adduced,  and  we  are  at  a  loss  to  understand 
on  what  principle  it  is  constituted,  unless  it  be  that  every  species 
should  be  on  d  priori  grounds  the  type  of  a  genus. 

Bottosaurus  Harlani  is  the  Crocodilus  basitruneatus  of  Owen.  Pro- 
fessor Agassiz  made  the  genus.  It  appears  to  be  more  truly  of  the 
alligator  typo  than  the  previous  species,  so  far  as  can  be  judged  from 
a  few  teeth,  but  not  an  atom  of  evidence  is  offered  for  the  formation 
of  a  distinct  genus. 

In  the  final  synopsis  two  species  are  added  :  Crocodilus  ienehrosus 
and  C.  obscurus,  founded  on  some  specimens  referred  to  in  the  body 
of  the  memoir,  but  they  are  not  placed  in  distinct  genera. 

Folyptychodon  is  quoted  on  the  evidence  of  a  single  tooth,  named 
P.  rvyosus.    But  Folyptychodon  teeth  are  quite  undistinguishable  ixom 
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those  of  Plenosawusy  and  the  animal  appears  to  have  been  onljabig^ 
headed  Plesiosaar  with  short  neck-vertebrse.  In  these  and  noit 
other  characters  (except  the  trigonal  teeth)  Pdj^piyeAodam  lesemhlei 
FlioBauruB, 

Hyposaurua  Bogersi  (Owen)  has  both  artionlar  sarfiE^oea  of  the  fv* 
tebral  centrum  flatteneid  and  slightly  oonoave,  with  an  bypepophjai^ 
sometimes  more  developed  than  in  the  Alligator.  In  other  reipeots  il 
is  apparently  a  true  Crocodile.  We  do  not  conceive  the  flatteniBg 
of  the  vertebrsd  to  be  important  as  a  mark  of  affinity,  or  as  s 
olassificational  character ;  but  for  what  it  may  be  wortii  it  is  s 
point  of  resemblance  between  Syposawnuy  8tmea$mtru$,  and  lUt- 

The  Chelonians  are  eight  species.  Tricmyx  pri$cu$  is  founded  ob 
part  of  a  costal  plate.  It  is  of  Tertiary  type,  coarsely  marked, 
and  unlike  the  Trionydian  remains  from  the  Cretaceoos  strata  of 
Europe.  Bothremyt  Cooki,  this  is  a  very  extraordinary  Emydian 
Ghelonian ;  the  auUior  compares  it  to  Podomemtfi,  but  we  are  unable 
to  discover  more  than  the  faintest  afi^ity  with  that  genus.  Thero 
are  slight  indications  o^  affinity  with  JVionyx,  There  are  curious 
pits  in  the  palatal  part  of  the  maxillary  wludi  the  author  suggestB 
may  have  been  for  corneous  teeth. 

There  is  no  evidence  that  either  Chehne  sopiia  or  C  omoto 
belong  to  the  genus  to  which  they  are  referred,  or  that  they  belong 
to  different  species.  That  specimen  referred  to  C.  $opita  has  a 
decidedly  Emydian  aspect  A  small  Platemys,  indicated  by  fragments 
of  the  plastron,  is  of  the  type  represented  by  the  London  Clay  P. 
Bowerbankiu  It  is  the  Eniys  pravm  of  Prof.  Leidy.  The  other 
Chelonian  fro^^ents  are  too  imperfect  to  make  much  of,  they  are 
named  Emys  firmus,  E.  heatus,  and  Platemys  stdcatus. 

The  article  on  Mosasaurm  adds  little  to  our  knowledge.  The 
teeth  are  treated  of  in  great  detail,  but  the  only  fact  of  interest 
demonstrated,  previously  figured  by  Goldfuss,  is  Uie  union  between 
the  crown  and  the  osseous  pulp,  which  is  quadrate.  The  chief 
novelty  is  a  theory  of  the  limbs,  in  which  a  humerus  of  Chelonian 
character,  and  smaller  bones  of  the  extremities  of  Plesiosauroid 
character  are  referred  to  Mosasaurus,  These  bones  we  regard  as 
belonging  severally  to  Emydian  Chelonians  and  to  Ple9io9auTu», 
Accepting,  as  Prof.  Leidy  does,  Cuvier's  Lacertian  interpretation  of 
MosoBauras,  a  more  incongruous  thing  could  not  have  been  done 
than  to  refer  to  it  such  bones  as  these,  which  might  have  been 
united  to  a  CrocodUe  without  comment,  but  not  to  a  Lizard  vdthout 
any  evidence  of  Chelonian  affinities.  The  chief  interest  of  the 
monograph  centres  in  Hadrosaurus,  a  Dinosaur  with  teeth  of  Igtumodon 
type,  denticulated  at  the  margin  and  with  one  mesial  ridge.  The 
vertebrsB  and  limb -bones  and  ilium,  etc.,  are  figured.  The  material 
here  is  all  that  could  be  wished;  but  as  in  the  previous  cases  our 
author  has  been  content  with  topographical  description,  and  has 
disdained  the  laurels  of  the  comparative  anatombt,  except  in  so  far 
as  they  are  gained  by  vague  suggestions  of  affinity  with  Iguana  and 
Iguanodon.    Hadroaaurua  was  kangaroo-like  in  the  proportions  of  its 
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fore  and  hind  limbs ;  the  affinity  with  Ipumodon  is  not  close.  Not 
a  word  is  said  on  the  affinities  with  crocodiles ;  or  so  far  as  some 
points  on  the  hind  limb  and  pelvis  go,  with  strathious  birds  such  as 
Dinomis ;  and  yet  with  such  a  bone  as  the  tibia  of  CaiUnauruB^  or  the 
ulna  of  Hiadrosaurui,  it  is  impossible  to  think  they  oould  be  over- 
looked, even  if  not  suggested  by  the  vertebraB. 

Altogether  we  must,  while  expressing  our  thankfulness  for  the 
memoir,  such  as  it  is,  say  that  it  is  the  least  able  oontribution  to 
palaeontology  that  we  remember.  Its  best  praise  is  that  it  contains 
no  quackery ;  its  worst  condemnation  is  that  it  contains  no  science. 
It  will  always  be  valuable  for  its  plates.  We  look  forward  with 
hope,  that  remains  so  precious  will  some  day  be  elucidated,  and 
doubt  not  but  that  the  accomplished  author  of  the  Areiiifira  and 
discoverer  of  Lalaps,  will  make  available  to  scientific  students  the 
descriptions  of  his  Philadelphian  brother  Professor. 

H. 
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9.  "On  some  Fossils  from  the  Menevian  Group."  By  J.  W. 
Salter,  Esq.,  A.L.8.,  F.G.S.,  and  H.  Hicks,  Esq. 

The  authors,  after  describing  the  localities  and  stratigraphical 
relations  of  the  Menevian  group,  proceeded  to  describe  the  following 
species : — 

Paradoxides  aurora^  Salter,  represented  by  a  few  imperfect  heads, 
unattached  pleuraa,  etc.     Localities,  Porth-y-rhaw  and  St.  David's. 

P.  Hickstif  Salter.  This  species  presents  a  singularly  inter- 
mediate character,  reminding  us  equally  of  Faradoxides  and  Anopolmus, 

Conocoryphe  hufoj  Hicks,  represented  by  a  few  separate  heads,  and 
oniB  with  six  body-rings  attached.  Localities,  Porth-y-rhaw  and 
St  David's. 

C,  applanata,  Salter.  Young  specimens  show  all  the  metamor- 
phoses observed  by  Barrande.  The  characters  of  such  genera  as 
Agnostus  and  Microdisctis  are  as  clearly  seen  in  the  embryo  of  ConO' 
eoryphe  as  in  the  adult  state  of  those  genera.  Localities,  Porth-y- 
rhaw,  St.  David's,  Maentwrog,  and  Dolgelly, 

C.  (?)  numerosa,  Salter.  Of  this  species,  a  part  of  the  head  and 
six  thoracic  rings  have  been  found.  These,  however,  show  characters 
suflficient  to  indicate  that  it  is  specifically,  if  not  generically,  distinct 
from  the  others.     Localities,  Porth-y-rhaw  and  St.  David's. 

10.  "  On  Earthquakes  in  Northern  Formosa."  By  H.  F.  Holt, 
Esq.,  H.  M.  Consul  at  Tamsuy.  Communicated  by  the  Secretary  of 
State  for  Foreign  Afiairs. 

The  first  shock  felt  in  the  northern  end  of  the  island  took  place 
on  the  morning  of  the  18th  of  December,  1867.  Many  buildings 
were  destroyed  and  many  lives  lost  in  Tamsuy.     About  fourteen 

^  Concluded  from  the  August  No.  of  the  Obol.  Mao.  p.  390. 
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minor  shocks  were  felt  during  the  same  day,  and  on  the  20di  note 
violent  shock  occurred. 

At  Kelang  the  whole  harhonr  was  left  diy,  and  the  water,  nkai' 
ing  in  one  vast  wave,  rushed  into  the  town  itself.  Large  landdip 
have  taken  place,  and  several  villages  between  Kelang  and  ToHf 
have  been  destroyed. 

11.  ''  Memorandum  on  the  Coal-mines  of  Iwanaiy  Island  of  Yesi^ 
Japan."  By  A.  B.  Mitford,  Esq.  CommuniGated  by  the  Secnisj 
of  State  for  Foreign  Affiiirs. 

The  mines  lie  about  two  miles  inland  from  the  village  Kaianooa 
Four  seams  of  coal  have  been  discovered,  w^hich  are  from  one  to  n 
feet  thick.  The  coal  is  soft,  yields  from  ten  to  twelve  per  cent  i 
ash,  and  from  thirty  to  thirty-five  per  cent,  of  gas.  It  sends  out 
thick  black  smoke  when  first  lighted,  but  afterwards  bums  witli 
a  clear  strong  flame,  and  leaves  no  clinker. 

12.  "  On  a  new  species  of  Fossil  Beer  from  Clacton."  By  W. 
Boyd  Dawkins,  M.A.,  F.R.S.,  F.G.S.,  etc. 

This  species  (named  Cervw  Brownii  by  the  anthor)  is  unlike  any 
other  species  excepting  C7.  dama^  to  which  it  is  closely  allied.  The 
antlers,  however,  have  the  third  tyne  present  on  the  anterior  portion, 
while  in  the  Fallow-deer  it  is  entirely  absent  From  the  presence 
of  Rhinoceros  Merkii  and  Elephas  antiquum  in  the  Clacton  deposits, 
and  from  the  absence  of  Arctic  species,  the  author  regarded  it  at 
forming  a  term  in  the  series  of  strata  to  which  the  Lower  Brick- 
earths  of  the  Tliames  Valley  belong,  and  as  deposited  before  the 
immigration  of  Arctic  animals  into  Great  Britain. 

13.  "  On  a  now  species  of  Fossil  Deer  from  the  Norwich  Crag." 
By  W.  Boyd  Dawkins,  M.A.,  F.R.S.,  F.G.S.,  etc 

Cervm  Falconeriy  Dawkins,  spec.  nov.  The  brow-tyne  differs  from 
that  of  C.  dama  and  of  C.  Broumii  in  being  removed  from  the  base, 
and  situated  in  a  different  plane  from  the  second  and  third  tynes ; 
in  this  it  is  allied  to  C.  tetraceros.  The  straightness  of  the  beam 
separates  it  from  the  species  to  which  he  had  compaared  it ;  and  it 
is  further  separated  from  C, '  UtrMeros  by  the  absence  of  deep 
wrinkles.  The  small  amount  of  palmation  in  C.  Falconeri  is  greatly 
increased  in  C,  Brownii,  and  reaches  its  maximum  in  C,  dama. 

14.  **  Notes  to  accompany  a  section  of  the  Strata  from  the  Chalk 
to  the  Bembridge  Limestone  at  Whitecliff  Bay,  Isle  of  Wight."  By 
T.  Codrington,  Esq.,  F.G.S. 

In  these  notes  tlie  author  described  in  detail  the  beds  which  are 
comprised  in  the  section  exhibited  in  Whitecliff  Bay,  and  which  he 
had  carefully  measured  at  low  water.  Comparing  it  with  the  Alum 
Bay  section  measured  by  the  officers  of  the  Geological  Survey,  he 
found  the  total  thickness  of  the  beds  from  the  Chalk  to  the  ha&Q  of 
the  Fluvio-marine  series  to  be  the  same  in  both,  although  the  thick- 
nesses of  the  component  formations  differ  considerably. 

16.  "  On  the  Graptolites  of  the  Coniston  Flags,  with  notes  on  the 
British  species  of  the  genus  Graptolites,''  By  Dr.  H.  A.  Nicholson, 
M.B.,  F.G.S.,  etc. 

The  author,  after  remarking  upon  the  prevalent  differences  of 
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^..   opinion  regarding  the  stratigraphical  position  of  the  Coniston  Flags, 
proceeded  to  describe  the  following  species : — 


■£.' 


IHploffrapstu  paimeus^  Barr. 

D.  folium^  His. 

J>.  angtutifoliu9^  Hall. 

J),  confer tus^  Nich. 

J),  tamarucus^  Nich. 

D.  priitiSf  His. 

Mttiolitet  perlatuSf  Nich.,  nov,  tp, 

Raatritea  Linmeij  Barr. 

Oiimaeoffrapsut  {Diplograptut)  Uretius' 

eulu8j  His. 
MaatritM  peregrinus^  Barr. 
Oraptolitet  lobi/ertUf  M'Coy. 


OrapioKtet  Sedffwieki^  Portl. 

&.  jlmbriatu8,  Nich. 

&.  NiUtonu  Ban. 

&.  trnwit,  PorU. 

6^.  disentufy  Nich. 

&.  BohmHicutf  Barr. 

&.  /?r»Mfon,  Bronn. 

^.  eolonw,  Barr. 

&.  tagittarim,  Linn. 

&.  turrieulatut, 

O,  Stdgwiekii,  PorU. 

var.  tpinigmity  Nich. 


16.  "  On  the  *  Waterstone  Beds '  of  the  Keuper,  and  on  Pseudo- 
morphous  Crystals  of  Chloride  of  Sodium."  By  Q.  W.  Ormerod, 
Esq.,  M.A.,  F.G.S. 

Between  Salcomb  Mouth  and  the  River  Sid,  and  between  Bud- 
leigh  Salterton  and  Littleham  Bay,  several  beds  of  ripple-marked 
"  Waterstone  "  occur,  and  also  pseudomorphous  crystals  of  chloride 
of  sodium.  A  small  fragment  of  Waterstone  exhibited  apparently 
traces  of  reptilian  remains.  In  conclusion,  the  author  drew  attention 
to  the  fact  that  pseudomorphs  occur  over  the  greater  part  of  the 
Triassio  area  in  England. 

17.  "On  the  discovery  of  the  remains  of  Pteraspidian  Fishes  in 
Devonshire  and  Cornwall,  and  on  the  identity  of  Steganodictyum  oor^ 
nubi'cum,  M'Coy,  with  Scaphaspis  {Archaoteuthis)  Dunensis,  Boemer." 
By  E.  Ray  Lankester,  Esq. 

A  specimen  labelled  "  PteraspU''  from  the  Lower  Devonian  slates 
of  Mudstone  Bay,  in  the  collection  of  the  late  Mr.  Wyatt-Edgell,  was 
at  once  referred  by  Mr.  Salter  to  the  Steganodictyum  of  M*Coy ;  and 
on  further  research,  he  concluded  that  M*Coy*s  supposed  sponge  is 
actually  the  cephalic  plate  of  a  Pteraspidian  fish.  The  author  fully 
endorsed  Mr.  Salter's  determination,  and  inferred  that  the  specimens 
of  Steganodictyum  Carteri  are  really  head-plates  of  true  Cephalaspie, 

18.  "  On  the  Geological  peculiarities  of  that  part  of  Central  Ger- 
many known  as  the  Saxon  Switzerland."  By  the  late  Capt  James 
Clark.  Communicated  by  Sir  R.  I.  Murchison,  Bart»  K.C.B., 
F.R.S.,  etc. 

The  author  described  in  detail  the  rocks  of  which  the  district  under 
consideration  is  composed  ;  namely,  1,  the  Upper  Quader  Sandstone  ; 
2,  Planer  Limestone ;  3,  Planer  Marl ;  4,  Lower  Quader  Sandstone  ; 
and  gave  a  list  of  their  chief  fossils. 

The  peculiarities  of  this  region  consist,  first,  in  the  abrupt  and 
marked  variations  of  altitude  without  any  corresponding  inclination 
or  dislocation  of  the  strata.  Secondly,  in  the  remarkable  regularity 
of  the  fissures  by  which  the  rocks  are  divided,  which  cross  them  at 
right  angles.  Thirdly,  in  the  phenomena  observable  along  the  line 
of  separation  between  the  Quader  and  the  Lusatian  granite ;  the 
Quader  being  overlain  by  the  granite  and  syenite.  Fourthly,  in  the 
disposition  of  the  basalt,  which  rises  through  the  granite  and  the 
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stratified  rocks  above,  indnrating  the  latter,    but  not  oonMif 

them. 

The  next  eveniiig  meeting  of  the  Sociely  will  be  ^^^  on  S^ 
vember  11th. 


ON   THE    STRATA,   NEAR    ELY. 

Sib, — Mr.  Seeley's  humorous  oommunication  in  your  AMi 
Number,  p.  347,  has  called  attention  to  a  paper  which  I  raS  It 
Cambridge  more  than  eighteen  months  ago,  but  which  has  onljqmto 
lately  been  printed.  Thinking  any  interest  it  might  have  hii 
would  have  passed  away,  I  have  hitherto  sent  out  no  copies  of  it, 
but  I  now  enclose  one  to  you.' 

It  is  fortimatc  for  Cambridge  men  that  they  have  bo  near  tfK« 
a  section  on  which  differences  of  opinion  may  exist ;  and,  if  ever 
the  old  system  of  the  schools  should  be  revived,  a  lively  dispatatUD 
might  bo  hold  in  excellent  dog-latin  on  Boswell  pit,  at  Ely. 

This  is  one  of  those  cases  where  any  one  who  wishes  to  form  as 
opinion  must  go  and  see  for  himself.  Mr.  Seeley  and  his  clssi  of 
students  may  come  to  one  conclusion,  and  other  observers  msj 
surely  differ  from  them  without  offence. 

O.    FBHEE. 

Habltox,  Camriudob, 
4^A  August,  1868. 

THE  CHALK  OF  ANTRIM. 

Sir,— It  will  no  doubt  be  a  source  of  much  pleasure  to  many  of 
your  readers  to  find  my  friend  Professor  Jukes  entering  an  appear- 
ance at  last  for  the  geology  of  the  North  of  Ireland,  and  giving  us 
the  first  instalment,  as  he  did,  upon  a  subject  of  great  interest  in 
your^  last  number.  I  have  no  fear  but  that,  in  his  hands,  and 
those  of  Mr.  Du  Noyer,  tlie  subject  will  be  exhausted. 

Permit  rae,  however,  as  an  observer  here  to  say  a  word,  and  ask 
for  some  little  more  light  before  we  abandon,  or  even  finally  adopt 
the  received  theory  upon  the  subject  of  Professor  Jukes's  article.  Tlie 
phenomena  alluded  to  are  seen  near  this  place,  where  the  white  lime- 
stone occurs  with  the  basalt  of  Benyevenagh,  etc.,  near  the  mouth  of 
the  Foyle.  Now  I  do  think  that  the  concentric  coloured  bands  of  the 
flints  may  hereafter  admit  of  some  better  explanation  than  that 
of  the  action  of  heat,  but  I  object  to  the  deduction  of  Professor  Jukes 
from  the  observed  facts. 

He  argues  that  the  basalt  (4  in  his  diagram)  could  not  have  indurated 
the  limestone  without  altering  the  lignite  and  clay,  and  he  quotes  in 
the  P.S.  an  experiment,  showing  that  the  lignite  was  so  volatile, 
when  treated  with  red  heat  in  a  2)latinum  capsule,  as  to  lose  75.8  per 
cent,  of  its  weight 

^  We  have  reprinted  it  at  p.  407  of  the  present  Number,  so  that  onr  readers  hare 
now  the  entire  cose  before  them  as  it  stands. — ^Edit. 
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We  often  find  lignite  in  the  state  described  in  the  indurated  Gar- 
bcmiferous  rocks  themselves,  and  here  we  may  get  some  little 
inkling  as  to  the  nature  of  metamorphic  action. 

We  know  that  the  basalt  (4)  was  very  hot ;  that  the  lignite  clay 
(S)  was  hot  too ;  that  the  flmt  bed  (2)  was  hot  also ;  and  that  the 
Bmestone  (1)  was  at  least  very  warm.  At  the  time  of  this  basaltic 
cmtborst  tl^  whole  district  affected  by  it  must  have  had  a  very  high 
temperature  indeed,  and  the  lime  was  deposited  in  a  pasty  mass. 
Now  why  the  lignite  was  not  altered  it  is  not  necessary  to  discuss 
here.  I  think  a  satisfactory  reason  can  be  shown,  but  I  will  only 
remark  that  volatilizing  matter  in  a  compressed  bed  of  clay,  and  in 
a  "  platinum  capsule,"  are  two  very  different  things ;  but  a  strong 
heat  transmitted  through  the  clay  (but  not  sufficient  to  indurate  it) 
-would  be  quite  sufficient  to  indurate  a  paste  of  lime  below  it.  I  for 
one  do  not  believe  in  the  necessity  for  very  great  heat  in  meta- 
morphic action.  It  has  been  observed  that  many  substances 
(minerals)  seem  only  to  have  to  be  brought  into  close  contact,  to  be 
changed,  under  pressure,  from  loose  particles  to  solid  rocks. 

In  a  rough  way,  we  observe  this,  when  we  break  up  the  rich  lime- 
stones of  the  Co.  Cork  for  instance,  for  road  metal,  and  leave  them 
for  years  subject  to  pressure  (which  is  convertible  into  heat),  and 
^irhen  we  afterwards  break  up  the  mass,  we  find  we  have  to  quarry 
an  exceedingly  hard  breccia  or  conglomerate,  and  can  scarcely  even 
disturb  it  with  a  pickaxe ;  but  take  the  basalts  or  earthy  rocks  (of 
which  bed  3  in  diagram  is  only  the  waste),  and  all  we  can  do  will 
not  make  a  compact  mass  of  them. 

We  have  then  ample  reason  for  admitting  that  the  transmitted 
heat  of  the  superincumbent  mass  could  affect  and  indurate  the  lime 
below,  but  we  must  guard  cautiously  against  the  idea  that  the  altera- 
tion, or  induration,  or  metamorphism  of  rocks,  can  only  be  affected 
by  a  fierce  heat.  It  remains  yet  to  be  shovm  that  the  basalt  and  the 
induration  of  the  white  limestone  ''  are  not  connected  in  the  way  of 
cause  and  effect." 

Looking  forward  with  much  pleasure  and  confidence  to  the  labours 
of  Professor  Jukes  in  this  new  field  in  Ireland. — I  am,  <fec., 

William  Habt£,  C.E., 

County  Surveyor  of  Donegal. 

County  Surveyor' 8  Office^  BuneranUf  Co.  Donegal^ 
lOM  Augutt,  1868. 


Dr.  Falconer  on  the  Himalatahs.* — "  The  rock  formations  of  the 
Himalayahs  are  all  primary ;  the  Sub-Himalayan  is  very  recent. 

^  Extract  from  a  letter  written  bv  the  late  Dr.  Hugh  Falconer,  in  1834.  to  the 
ReT.  Dr.  Gordon,  of  Bimic,  N.6.,  soon  after  his  return  from  ascenoii]^  the 
Juninootree  as  far  as  the  hot  springs  at  the  sources  of  the  Jumna.  See  Biographical 
Sketch,  p.  xxxi.y  Falconer's  Palaeontological  Memoirs,  toI.  i. ;  reriewed  in  the  present 
No.  of  this  Magazine,  p.  423. 
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In  the  outer  ridges  you  get  limestone  and  the  newer  jRunaiTioeb 
^transition  >.     As  von  go  on«  gneiss,  mica-slate,  etc,  sncceed.    In  Ai 
outer  ridges  the  volcanic  rocks  are  greenstone  traps  (I  heliere  Ii« 
the  first  to  make  this  out  i,  often  with  porphyritic  crrstals,  andla 
and  there  unstratified  quartz  rock.  As  von  go*in wards* vou  get  gnnife 
and  syenite.   On  the  southern  side  of  the  snow  peaks  there  are  moo 
recent  formations,  and  I  should  not  haTe  said  that  the  Himala^ 
are  entirely  primary.     You   there  get   limestone  with  _iiiMiinffri, 
OrthoceratiUs^   7n7ohitaf  and  TerthrutuUt,  as  in  the  Mountain  lime- 
stone of  England.     The  snowy  range,  or  central  ridge,  has  an  den- 
tion  varying  from  15,000  to  26,000  feet.     Perhaps  the  mean  ha^ 
may  be  from  1S,5Cn>  to  19,000.     The  snowy  mountains  are  not, « 
in  the  Andes,  interrupted  by  peaks  here  and* there  of  porphvries  and 
other  traps,  but  a  continuous  line  of  ridges,  and  the  highest  of  tbea 
are  certiiinly  primary  schists,  such  as  gneiss,  etc.      You  may  i^ 
memlter.  perhaps,  JamesK)n*s  doubts  about  this  point.    But  I  am  am- 
vinced  that  they  are  only  huge  masses  of  the  same  formation  as  the 
lower  ri«lgi;s.  upheaved  to  a  greater  elevation.  The  scenery  is  magni- 
ficent, like  Byron's  ocean,  '  boundless,  endless,  and  sublime  ; '  huge, 
vast,  and  awe-striking.     To  give  you  an  idea  of  some  of  the  views: 
I  got  up  on  the  top  of  a  high  mountain,  called  Choor,  half  way  be- 
tween the  snowy  range  and  the  plains,  with  an  elevation  of  about 
13,000  feet.     In  front,  looking  to  the  north,  the  eye  took  in  a  con- 
tinuous line  of  snowy  ridges,  var}-ing  from  15,000  to  24,000  feet, 
or  no  less  than  90^  on  a  quadrant  of  the  horizon.      This  is  no 
exag«reration.    Bi-tween  me  and  them  stretched  an  ocean  of  mountain 
waves,  I  overtoi>ping  all.     In  the  rear,  or  south,  stretched  another 
sea  of  mountain-ridges,  with  the  plains  of  India  in  the  distance,  level 
as  a  lake,  traversed  hei'e  and  there  by  a  streak  of  silver,  marking  the 
tiny  show  made  by  the  mighty  rivers  Jumna  and  Ganges.,  and  then, 
turning  to  right  and  left,  was  a  stretch  of  ridge  upon  ridge  and  of 
mountain  uixin  moimtain,  bounded  only  by  the  limits  of  vision.    I 
stood  upon  pinnacled  masses  of  granite  which  made  a  noble  and 
hai'monious  ofl'set  to  the  whole.     Follow  me,  on  another  occasion,  to 
the  source  of  the  river  Jumna,  at  the  foot  of  the  mountain  Jumnoo- 
tree,  21,000  feet  high,  I  walking  in  the  bed  of  the  river,  in  a  narrow 
winding  channel  cutting  off  the  view  in  every  direction,  with  a  lofty 
wall  of  rock  on  either  hand.     Imagine  now  a  sudden  bend  of  the 
channel,  opening  a  vista  in  front,  and  the  mountain  bursting  on  the 
riew,  rising  nearly  two  miles  in  height  right  over  me,  its  black 
front  patched  over  and  its  summit  crested  Avith  snow,  looking  like 
an  enormous  wave  cuiiing  with  foam  and  rolling  on  to  oven^-helm 
us.     So  vivid  was  this  impression,  that  astounded  awe  was  the  first 
feeling,  and  it  reg^uired  an  exertion  of  reason  to  get  over  it." 
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I. — On  the  Genus  TBiMa&sLiA,  Bilungs.* 
By  Dr.  Gustat  Liin)8TR5M,  of  the  Uniyenity  of  Wisby,  in  the  Island  of  Gotland. 

[PLATE   XX.] 

MANY  beds  of  limestone,  belonging  to  the  middle  division  of  the 
Upper  Silurian  formation  of  the  Island  of  Gotland,  consist 
almost  entirely  of  the  fragments  of  a  very  large  and  peculiarly- 
shaped  Brachiopodons  shell.  It  may  be  r^aorded  as  one  of  the  most 
chaTacteristic  fossils  of  these  Upper  Silurian  rocks.  Perfect  valves, 
giving  a  satisfactory  view  of  its  structure  have  never  been  found. 
When  Mr.  Davidson,  with  his  usual  kindness,  sent  me  copies  of  the 
^ures  and  descriptions  given  by  Mr.  Billings,'  of  the  new  genus 
Trimerella,  found  in  Canada,  I  had  no  hesitation  in  referring  both 
the  Canadian  and  the  Gothlandic  shells  to  the  same  genus.  The 
materials  obtained  by  Mr.  Billings  seem  to  have  been  more  incom- 
plete than  mine ;  I  have,  therefore,  been  able  to  make  some  additions 
to  the  description  given  by  him. 

The  greatest  peculiarity  consists  in  two  siphons  or  tubes,  that 
penetrate  the  shell  along  the  median  axis  of  the  valves,  or  on  both 
sides  of  it.  These  siphons,  by  degrees,  taper  off,  and  cease  in  the 
vicinity  of  the  apex  of  the  valves ;  their  openings  are  of  an  ovate 
oblique  form  on  tJie  interior  surface  of  the  valves,  and  almost  in  the 
centre.  An  elevated  shield,  hiding  the  continuation  of  the  siphons 
in  its  interior,  is  formed  by  the  concentric  shell-layers  that  envelop 
the  siphons  (Plate  XX.,  Fig.  6),  and,  on  the  surface,  by  the 
mantle  and  other  soft  parts.  This  median  elevation  is  smooth, 
having  no  impressions  of  muscular  parts,  and  is  deeply  concave 
along  the  median  axis.  The  lateral  walls  of  both  siphons  are 
contiguous  to  the  median  axis  of  the  valve,  and  continue  as  a  straight 
ridge  for  a  considerable  distance  down  towards  the  inferior  margin 
of  the  valve.  The  soft  parts  that  secreted  the  concentric  layers  of 
the  siphons,  by  degrees  moved  downward  during  the  growth  of  the 
animal,  filling  the  place  they  once  occupied  with  shelly  matter. 
Thus  we  find  the  apices  of  the  siphons  are  generally  filled  with 

*  Translated  and  commnnicatcd  by  the  Anther  from  the  "Ofversigt  af  KongL 
Vetcnskaps-Akademiens  Forhandlin^ar,"  1867.    No.  6.    pp.  258-267. 

*  Billings,  Geol.  Survey  of  Cana<&,  Pal.  Poss.,  Vol.  I.,  p.  167. 
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concentric  layers.     Some  faint  longitudinal  striae  axe  aeen  oa  tte 
interior  walls  of  the  siphons.     The  conoentric  lajera  aioand  At 
siphons  form  two  strata  that  are  quite  distinct  from  the  x«8t  of  tbe 
shell-matter,  and  are  imhedded  in  it.     They  cannot,  thereforer  bi 
confounded  with  septa,  which,  when  they  do  occur  in  the  ^^\  n 
in  immediate  contact  with  the  valves,  and  compactly  united  irift 
them.     The  siphons  of  the  dorsal  valve  are  shorter  th^w  those  in  ^ 
ventral  valve,  and  often  more  divergent.     I  think  we  gain  fte  tm 
interpretation  of  the  nature  of  these  siphons,   if  we  stlantiTdj 
examine  the  interior  surface  of  the  valves  in  the  genera  Limgda  tai 
Obolus.     The  oorresponding  part  of  the  valve  of  Limgula  is  ooaxpA 
hy  two  impressions  of  the  adductors,  situated  on  each  side  of  i 
hroad,  faint,  shield-like  elevation. 

lu  some  of  the  Silurian  Ldngtda  these  muscular  impzessions'in 
somewhat  excavated  in  the  valve. 

llie  straight  ridge,  that  continues  helow  the  impressions  of  the 
adductors,  and  to  which  in  the  recent  lAngyim  the  "ocelsMrei 
anteriores"  Owen  ("anterior  retractors,"  Woodward),  are  fixed,  u. 
as  it  seems  to  me,  homologous  to  the  median  ridge,  continuing  bo 
far  below  the  openings  of  the  siphons.  This  ridge  consists  (in 
Trimerella)  of  two  layers,  that  extend  towards  the  margins  of  w 
valves,  and  arc  an  immediate  continuation  of  the  siphonal  layers. 
In  OholuB  the  adductors  occupy  the  same  place  as  in  Lingtda,  but  are 
separated  by  a  larger  elevation,  or  median  shield.  In  some  of  the 
Upper  Silurian  Oboli  (which,  i)erliap8,  form  a  separate  genus),  this 
median  shield  is  very  much  elevated  and  prolonged  in  a  long  narrow 
ridgo,  as  in  Lingula,  In  these  Oboli  the  impressions  of  the  adductors 
are  docply  hollowed  in  the  valves,  so  that  the  casts  resemble  two 
very  sliort  and  pointed  teeth.'  But  this  peculiar  form  of  the  muscular 
scars  is  fully  developed  in  Trinierella,  1  consider  these  characteristic 
sii)lion8  to  be  the  muscular  scars,  because  their  openings  occupy  the 
same  })lacc8  as  the  adductors  in  the  above-named  genera,  and  alsD 
because  the  walls  are  marked  with  those  longitudinal  striae  so 
characteriHtic  of  the  muscular  impressions;  they  have,  moreo^*er, 
a  mode  of  development  quite  different  from  that  of  the  septa.  There 
ctin,  then,  be  discerned  an  almost  continuous  series  in  this  develop- 
ment of  the  muscular  scnrs ;  faintly  indicated  in  the  Lingides,  strongly 
exprcsHed  in  Ohohs  (more  especially  in  those  from  the  Upper 
Silurian  rocks),  and  fully  developed  in  Trimerella,   No  other  vestiges 

^  Davidson,  Siluntm  Braehiopoday  pi.  ii.,  fig.  35 ;  pi.  iii.,  figs.  5,  6. 

•  Davidwm  (1.  c.  pi.  iv.,  fig.  39).  Compare  also  fig.  4  of  mj  plate  with  the  figure 
of  a  dorwil  valve  of  TrimereUa  grandis  in  the  work  of  Mr.  Billings. 

My  alH)ve  8tat<'d  opinion  as  to  the  nature  of  the  siphons  of  TrimereUa  is  corro- 
borated by  the  fact  that  in  some  species  of  Crania,  especially  the  Cretaceous,  these 
scars  of  the  adductors  continue  in  the  form  of  narrow  pointed  siphons,  ceasing  at  the 
apex  of  the  valves.  Thus,  for  instance,  in  Crania  spinulofOj  Hismger,  I^etli.  ^uecica, 
pi.  xxiv.,  fig.  7rt;  also,  C.  Bf  attenburgemii^  in  the  German  edition  of  Davidson's 
"lutnKluction  to  the  Brachiopada^'  pi.  v.,  fig.  15,  and  C,  antiqua^  Defr.,  pi.  v.,  fig.  16f. 
I  can  also  cite  the  valuable  authority  of  the  late  Dr.  S.  P.  Woodward,  in  his  ''  Myyinal 
of  the  MoUusoa,"  p.  236  {Crania)^  "The  large  muscular  impreesions  are  •  •  . 
lometimes  deeply  excavated." 
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of  mnsctdar  impressions  are  visible,  excepting  those  on  both  sides  of 
the  elongated  median  ridge,  and  probably  the  narrow  impressions 
going  from  the  exteriw  margin  of  the  adductors  towards  the  margins 
of  the  valves.  It  is  also  possible  that  muscles  were  attached  in  the 
apical  comers  of  the  ventral  valve. 

If,  however,  TrimereUfi,  by  reason  of  the  structure  of  its  median 
muscular  impressions,  is  related  to  the  Lingutida,  it  is  widely 
separated  from  them  in  another  respect,  as  its  dorsal  valve  is  pro» 
irided  with  a  large  tongue-shaped  process  (possibly  the  processus 
oardinalis  ?),  by  means  of  which  it  is  articulated  to  the  ventral  valve. 
This  process  fits  into  a  semilunar  groove  below  the  area  of  the 
-ventral  valve,  and  this  area  is  formed  by  the  lanibellsoy  that  one  by 
one  have  been  secreted  above  the  semilunar  groove  (PL  XX.  Fig.  7). 

Another  anomaly  of  which  I  have  not  seen  any  homology  amongst 
the  Brachiopoda,  is  that  the  lateral  margins  of  boUi  valves  are  grooved 
by  a  furrow,  shallow  at  the  ends  and  deepest  in  the  centre.  These 
furrows  encircle  the  opposite  margins,  and  make  the  valves  dose 
more  tightly. 

The  valves  attain  a  thickness  of  15  millimetres,  and  consist  in  their 

perfect  state  of  calcareous  spar,  and  show  no  traces  of  any  oiganio 

structure. 

EXPLANATION  OP  PLATE  XX. 

Pio.  1.  Interior  of  ventral  valve  restored. 

,  2, 3.  Castti  of  both  valves. 

,     4.  Cast  of  dorsal  valve  of  Obolt4s  f  Davidsonij  Salter  (Gk>tland). 

,     6.  Section  of  ventral  valve  at  the  openings  of  the  siphons. 

,     6.  Section  of  the  same  showing  the  conoentrie  calcareous  secretionft  around 

the  siphons. 

J     7.  Cardinal  process  of  dorsal  valve  fixed  in  the  ventral  valve. 

,     8.  Side  view  of  dorsal  valve. 

,     9.  Section  of  ventral  valve  at  the  apex. 

,  10.  Interior  of  the  dorsal  valve  of  Obolut,  sp.  firom  a  cast  in  gntta-percha. 


n. — On  some  Cavities  in  the  Gravel  op  the  Valley  of  thb 

Little  Ouse,  in  Norfolk.^ 

By  John  Evans,  F.R.S.,  F.S.A.,  Sec.  Geol.  Soc. 

A  FEW  months  ago  both  geologists  and  archseologists,  and  espe- 
cially the  latter,  were  surprised  to  hear  of  the  discovery  in  the 
valley  of  the  Little  Ouse,  between  Thetford  and  Brandon,  of  certain 
cavities  in  beds  of  gravel,  in  which  flint  implements  of  the  forms 
peculiar  to  the  PalaBolithic  or  river  gravel  were  found,  and  which 
it  seemed  possible  might  have  been  the  habitations  of  the  early  race 
of  men  who  formed  these  implements. 

An  account  of  this  discovery  was  communicated  to  the  Norwich 
Geological  Society,  and  also  to  the  Norfolk  and  Norwich  Archsdo- 
logical  Society,  by  Mr.  Sheriff  Fitch,  F.S.A.,  F.G.S.,  to  whom  the 
credit  of  first  observing  these  cavities  is  due,  and  who  I  was  in 
hopes  would  have  made  a  communication  on  the  subject  instead  of 
leaving  it  for  me  to  do. 

^  Kead  before  Section  C.  of  the  British  Association,  Norwich,  Angost  23rd,  1868. 
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From  3Cr.  Htdi's  aeoount  h  mppemru  that  at  S—**?"*  IkmhMal 
Broom  Hill,  two  of  the  phoes  where  gxBTel  ia  dng  Imfea  1^ 
ford  and  Brandon,  holes  or  excaradona  oocor  in  tiia  bedi  of  pffi 
at  about  ten  feet  from  the  nzr&oe.  The  faeda  of  gimwA  ia  &  » 
mediate  neighbourhood  of  these  caritiea  ave  aaid  to  he  distariaie 
that  the  workmen  know  when  ther  are  approaohmg'  than,  wi  Ai 
implemonts  were  said  by  the  workmen  to  be  fixnid  lying  ai  AftM- 
tom  of  these  holeSb 

3Ir.  Fitdi  had  an  opportonity  of  seeing  one  of  tfaoaccaiitiesopli 
in  the  pit  near  Santon  Downham.  It  was  lax^ge  ^wtn^f^  to  aUowMa 
to  stand  inside,  a  layer  of  dark  clay  lined  the  bottom  of  the  hok 
and  this  formed  a  basin-shaped  floor.  Ita  roof  was  beHSifidl^ 
rounde<l  and  smooth,  and  had  all  the  appearance  of  design,  lai  w 
excavating  at  the  bottom,  a  flint  implement  of  a  Pabeolithic  typevM 
found. 

The  workmen  maintained  that  there  was  little  cbanoe  of  fiadiBf 
implements,  unless  when  working  near,  or  in  aimilar  holeii  i 
which  srime  fifteen  have  been  found  within  a  limited  8pao& 

Mr.  Fitch,  while  contenting  himself  with  stating  bare  fittta,  ad 
without  trusting  himself  to  any  theory,  could  not  bat  say  that  ^ 
appearances  prt-sented  were  exceedingly  suggestive.  He  adds  thit 
"  one  cannot  help  thinking  that  it  looks  very  much  like  a  coloaji 
anrl  if  these  holes  are  of  human  handiwork,  it  mast  bring  the  age  c£ 
the  flint  imiilements  considerably  nearer  to  the  Historic  epoch  than 
li:ts  beeu  usually  attributed  to  them,  for  the  excavation  of  the  holei 
must  necessarily  be  of  later  date  than  the  gravel  beds  in  which  they 
occur. 

"  Elsewhere,  as  at  Brixham,  Torquay,  and  other  localities  in 
England  and  on  the  continent,  caves  in  the  solid  rocks  have  yielded 
implements,  and  the  occurrence  of  wrought  holes  in  the  hard  gravels 
indicate  a  similarity  of  habit  as  regards  the  choice  of  dwelling-places, 
for  we  must  allow  that  even  these  primitive  men  needed  shelter  from 
the  inclement  climate  of  that  distant  period. 

**  It  seems  to  me,  that  if  we  are  to  discover  human  bones  at  all, 
these  caves  are  the  likeliest  spots  to  look  for  them. 

"  At  Broom  Hill,  bones  are  frequently  found  in  the  made  earth  or 
*  trail/  but  not  in  the  underlying  gravels. 

*'  llie  caves  have  had  some  communication  one  with  another,  for 
we  are  safe  in  presuming  that  wherever  man  lived,  he  was  always  a 
gregarious  or  social  being." 

Like  many  others,  I  was  of  course  much  interested  in  this  report, 
though  I  could  not  regard  the  question  in  the  same  light  as  those 
who  had  ^KTsonally  witnessed  the  phenomena.  I  at  once  wrote  to 
]Mr.  Fitch,  suggesting  a  iK)8siblo  cause  for  the  existence  of  such  cavi- 
ties, and  requesting  him  to  give  me  notice  of  the  next  occasion  on 
which  one  of  tliem  was  found  capable  of  examination. 

In  the  meantime,  my  friend,  Mr.  J.  W.  Flower,  came  down  to 
Norwich,  and  on  his  way  back  to  London,  ho  stopped  at  Bmndon, 
and  found  that  in  the  Broom  Hill  pit,  about  a  mile  and  a  half  from 
Brandon  station,  the  workmen  had  come  across  one  of  these  cavities, 
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3C  which,  however,  with  the  ezoeptioii  of  a  small  opening  in  it,  was 

r:  left  entirely  undifiturbed     On  hearing  of  this  disooTerj  I  immedi- 

::  atelj  arranged  to  go  down  and  examine  into  the  dbenomena,  and 

;  aooordinglj,  on  the  8th  of  July,  Mr.  Flower,  Mr.  !^toh,  and  I  met 

upon  the  spot    We  found  a  face  of  gravel  aitid  sand  exposed*  about 

I   24  feet  in  height  from  the  ohalk  at  its  base  to  the  superficial  soil 

:  at  the  summit     The  upper  part  of  the  section  dK>wea  sand  with  a 

few  gravelly  seams,  about  eight  or  ten  feet  in  thickness ;  at  the  base 

4   of  this  occurred  a  dark  band  of  femigino>us  argillaceous  sand  a  few 

inches  in  thickness,  then  some  eight  or  nine  feet  of  odireouB  gravel, 

-with  a  red  sandy  matrix,  which  was  separated  by  a  band  of  grey 

Band  from  the  lower  beds  of  gravel  whidi  contnned  a  very  large 

percentage  of  rolled  Chalk  and  seams  of  chalky  sand. 

The  opening  into  the  cavity  was  not  nmdi  more  than  a  foot  in 
diameter,  and  was  about  the  middle  of  the  bed  of  ochreous  graveL 
It  was  soon  sufficiently  enlarged  to  enable  one  of  us  to  creep  in,  and 
by  the  aid  of  a  candle  to  examine  the  cavity.  It  was  slightly 
irregular  in  form,  and  seemed  about  three  feet  in  diameter  and  abor^ 
five  feet  in  height,  but  we  did  not  take  any  accurate  measurements, 
as  we  were  in  constant  fear,  and  not  without  reason,  of  the  face  of 
the  cliff  of  gravel  Mlii^  in  upon  us.  The  bottom  of  the  cavity  had 
some  sand  upon  it,  which  had  fallen  from  the  roof,  the  cavity  extend- 
ing upwards  through  the  gravel,  so  that  its  ceiling  was  formed  by  the 
base  of  the  sands  above.  The  axis  of  the  cavity  was  not  quite  per- 
pendicular. Having  examined  it  as  far  as  was  consistent  with  safety, 
we  next  commenced  cutting  a  vertical  groove  in  the  face  of  the  gravel 
below,  with  a  view  of  ascertaining  whether,  as  I  had  suspected,  there 
was  not  a  sandpipe  below,  the  absorption  of  the  gravel  into  which 
was  the  primary  cause  of  the  cavity.  The  second  blow  oi  the  pick- 
axe broke  through  the  wall  of  gravel  and  at  once  revealed  a  sandpipe, 
thus  proving  my  view  to  have  been  correct 

We  at  once  proceeded  to  clear  it  out  as  far  as  was  consistent  with 
safety,  and  found  that  at  about  three  feet  above  the  base  of  the  gravel 
the  pipe  was  about  two  feet  in  diameter  and  nearly  circular,  but 
whether  it  descended  into  the  Chalk  we  were  unable  to  see,  and 
before  we  left  the  pit  the  face  of  the  gravel  cliff  gave  way,  and  the 
scene  of  our  operations  was  buried  under  a  mass  many  tons  in 
weight  During  our  examination  of  the  pipe,  and  while  we  were 
speaking  of  the  occurrence  of  flint  implements  in  these  cavities,  one 
of  the  pointed  form  was  found  under  our  eyes  by  one  of  the  work- 
men among  the  gravel  he  was  clearing  out  of  the  pipe. 

The  existence  of  this  sandpipe  below  the  cavity,  similar  in 
character  to  the  pipes  so  frequently  occurring  in  sands  and  gravels 
overlying  calcareous  strata,  at  once  proved  that  these  cavities  were 
of  natural  and  not  of  artificial  origin.  As,  however,  such  cavities 
are  of  extremely  rare  occurrence,  and  have  not,  I  believe,  been 
previously  noticed  except  by  Mr.  Fitch,  who  did  not  enter  into  the 
question  of  their  origin,  it  will  be  well  to  devote  a  short  time  to  a 
consideration  of  the  causes  to  which  tliey  are  due. 

Mr.  Prestwich  was,  I  think,  the  first  to  point  out  that  such  pipes 
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f 'r.rfc  tir.  jjh  trL:'--L  tL?t  sirsf-tiir.**  Tkass.  T*r:-Ts*  ti>»-  c"  ry<OBa  -if 
Mr.  Pr'r*;twi-,h"s  virws.     The  s^^rrsJ  SicrdTn  :^  ibe  <arr<«ni»2  *■■ 

on  o^ki'^r^r-ji^  sitra:*  is  *rTiiic>e*i  It  sir^ilar  proes  «3C!irriar  in  OoBi 
V>«iti«,  fc'ivh  for  2Ti«Virjc^  \*  the  ?»e:er.'ni€»i  nmraral  well*  aair  Pscdbi 
arj'i  in  the  Cvr»ll:ne  Cniff  of  S"3ff:-lk.  wtich  in  k>t2k-  p!%?5«.a»2Si 
pit  rot  f>ir  from  the  Riilw^y  5tati>n  ai  AldebTirrfi-  is  a'i^^lsdT 
ri'J'IJ':*!  wi:h  E'lch  y/ij»e«.  And  not  only  have  «^ch  psp**  l*€2i  fc-TTcei 
in  thi*;  manner,  but  the  whole  upper  snrfaoie  of  the  ChjJi-  «t2^ 
'y-i vrc-*!  }*;.'  V^l-  of  gr^veL  appe-ars  in  many  instances  to  have bwa 
«rj  ero'led  ih-it  the  l>-'Ls  which  would  se^m  to  have  been  ori^xniQj' 
I  Aid  out  horiz/^n  tally  on  an  appTOiimatelj  snioc«th  base,  now  Ra* 
iif^on  a  rou;rh  Jind  irrejnilar  surface  fall  of  peaks  and  hoU?*?^ 
Where,  a.-*  is  f^ornetimes  the  case,  the  gravel  in  pit*  has  been  deare-I 
away  f;ornplet#,-ly,  so  as  to  leave  the  npper  surface  of  the  Chalk  law- 
a  v;rt  of  model  of  a  mountainous  oountiT  is  presented  to  our  eyes. 

\V<;  have  se«*n  that  in  neariv  all  cases  the  pipes  that  have  been 
t}iN».  t^radjifilly  ^^Kl^•'h  have  been  filled  by  the  superincumbent  W? 
^ra-Jjj'ilIy  foJI-^win;^  d«iwn.  but  we  can  revlily  conceive  in&tance*  in 
wlijf.li  hoifie  one  or  other  of  the  upjKT  beds  might  be  so  tenaoion<as 
not  to  KiibKid';  into  the  hollow  beneath  until  a  large  sai>erficial  area 
w.'i>  left  miHujiported.  The  result  in  such  a  case  "would  he  a  cavern 
of  ^reat^-r  or  h.-ss  ina^iitude,  fnjm  the  bottom  of  which  prL»cee<lod  i* 
jnfM?  jiasHiij;^  tlirouj^li  calcareous  rock,  and  filled  with  the  remains  "f 
tli"  less  terifu-ioiiH  b<rds  underlying  the  more  unyielding  bed.  which 
Would  funn  the  ceilin;!:  of  the  cavern.  These  conditions  were  ful- 
lill':d  in  llie  wivity  in  tiio  Broom  Hill  Pit,  where  the  tenacious  beJ 
was  the  sand  with  the  conijiact  argillaceous  band  at  its  base,  the  in- 
cM>herent  beds  which  filled  tlio  pipe  were  the  ochreous  gravel  and 
KM  IK  Ik,  and  tlie  pipe  was  eroded  through  the  calcareous  gravel,  and 
probably  into  the  (Jhalk  itself.  Since  then,  in  fact  within  the  last 
fijw  dayH,  1  liave  had  another  opportunity  of  visiting  the  pits  at 
Hant^)n  Dowidiam,  of  there  inspecting  one  of  the  caves,  which,  how- 
<»v(»r,  it  w;is  not  iK)ssiblo  thoroughly  to  investigate.  Only  the  upper 
part  of  the  cavity  was  visible,  of  a  regular  vaulted  form,  the  sides 
lM»ing  formed  of  coarse  incoherent  gravel,  while  the  roof  or  creiling 
consisie*!  of  a  mu(5h  finer  gravel,  with  a  more  coherent  matrix 
of  red  sand.  Th<;  lM)ttom  of  the  cavity  was  at  the  time  filleil  with 
c;i»iirH(»  gnivol  falhm  in  from  the  sides,  and  there  was  no  opportunity 
of  observing  wiiethor  there  was  any  sandpipe  at  the  bottom,  though 
no  dotibt  such  was  the  case.  In  the  w^all  of  gravel  close  by,  there 
Wore  two  saiulpipos  in  which  the  upper  bods  had  followed  down  in 
thf  iiNual  manner. 

With  regard  to  the  sup^wsed  almost  exclusive  occurrence  of  the 
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flint  implements  in  connection  with  these  cavities,  it  is  to  be  ob- 
served— Ist.  That  the  evidence  of  such  being  the  case  is  not  sus- 
ceptible of  cross-examination,  and  moreover  that  one  of  the  workmen 
remarked  to  Mr.  Fitch  and  me  on  what  he  regarded  as  a  singular 
facty  that  no  implements  were  found  in  these  holes;  and,  2ndly, 
that  if  the  pits  were  found  in  the  proportion  of  12  or  15  to  an  area 
of  a  few  score  square  yards,  as  has  been  stated,  and  implements  were 
found  at  aU,  it  would  be  singular  indeed  if  they  were  not  found 
either  near  or  in  the  cavities,  with  which  too  the  workmen  would 
naturally  associate  them.  As  a  matter  of  fact,  however,  the  imple- 
ments do  occur  in  other  parts  of  the  gravel  than  in  or  near  the  cavi- 
ties, and  some  of  those  at  Broom  HUl  have  occurred  in  the  lower 
gravel  with  the  calcareous  matrix. 

It  is,  however,  d  priori  improbable  that  such  a  gravel,  a  great  part 
of  the  constituents  of  which  appears  to  have  been  derived  from  the 
destruction  of  some  river  bluff,  should  contain  so  many  relics  of 
human  handiwork  as  gravels  derived  from  the  washing  away  of  some 
once-inhabited  surface. 

If,  however,  it  be  true,  as  is  generally  believed  and  asserted,  that 
the  flint  implements  occur  in  most  abundance  at  the  base  of  these 
fluviatile  gravels  with  a  sandy  nature,  there  is  a  reason  why  they 
should  be  found  not  unfrequently  in  the  pipes  into  which,  of  course 
these  lower  beds  of  the  gravel  would  be  let  down.  I  have  known 
instances  at  Thetford  where  the  gravel  has  been  extracted  from  pot- 
holes running  down  into  the  Chalk,  and  in  which  implements  have 
been  found  at  a  considerable  depth.  The  celebrated  pit  at  Drucat, 
in  the  valley  of  the  Somme,  affords  another  instance  of  implements 
occurring  in  these  pipes. 

Mr.  Prestwich  has  already,  in  his  valuable  memoir  communicated 
to  the  Koyal  Society,  suggested  that  these  pipes  may  eventually  afford 
some  means  of  estimating  the  antiquity  of  the  beds  in  which  they 
occur.  It  is,  however,  extremely  difficult  to  ascertain  the  exact 
amount  of  carbonic  acid  which,  on  an  average  of  years,  the  percolating 
water  of  each  year  would  contain.  Could  we,  however,  ascertain 
the  exact  drainage  area  of  one  of  these  pipes,  I  think  that  some  sort 
of  calculation  might  be  made.  For  we  know  by  experiment  the 
number  of  inches  of  rain  which,  with  our  present  climate,  percolate 
annually  to  the  springs  in  a  Chalk  district,  while  we  also  know  the 
quantity  of  chalk  in  solution  held  by  each  gallon  of  the  spring  water. 
It  must,  however,  be  borne  in  mind  that  in  all  probability  the 
maximum  quantity  of  carbonate  of  lime  in  solution  is  not  attained 
until  after  the  water  has  percolated  a  considerable  distance  through 
the  Chalk.  But  without  entering  into  any  such  calculation,  I  think 
it  must  be  evident  that  a  cavity  large  enough  "  to  hold  a  cart  inside," 
eroded  by  the  carbonic  acid  of  vegetable  matter  decaying  on  the 
surface,  and  carried  down  by  the  rain,  implies  a  lapse  of  time  for  its 
erosion  such  as  is  quite  in  accordance  with  the  antiquity  which  from 
other  considerations  must  be  assigned  to  these  beds,  containing  as 
they  do  the  undoubted  handiwork  of  our  barbaric  forefiathersi — 
Beprinted  from  the  Norfolk  News,  August  25th,  1868. 
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in. — Ok  ths  Idextitt  of  Hstebopbtllma  Ltwlu  axd  jB.  nmuoM 

or  DUKCAH. 
By  JoHV  Yomio,  Cmior  of  the  Huntwrym  M DMom,  Ola^fiv. 

IN  a  paper  published  in  the  Proceedings  of  the  Boyal  Socmi^ 
of  London/  Dr.  Duncan  has  figured  and  deacsribed  ax  an 
species  of  Carboniferous  corals,  belonging  to  the  genus  &!■•• 
fktfllia  of  MOoy,  from  specimens  found  in  Soottjah  GaiboiiiltRW 
limestone  strata.  Of  these  species  two  SL  LjfMi  and  M,  mkMii, 
seem  to  be  founded  on  portions,  which  the  careful  ezanunatioaoC 
better  preserved  specimens  would  have  shown  to  belong  to  only  (M 
good  species. 

I  would  not  have  ventured  to  make  the  foUo^B^ing  remarks  upon 
these  corals,  had  not  the  localities  from  whence  they  are  obtimed 
been  long  and  familiarly  known  to  me ;  and  I  am  satisfied,  after  t 
careful  examination  of  more  than  50  specimens,  large  and  small,  and 
in  all  states  of  preservation,  that  they  all  belong  to  one  species,  in 
which  the  external  characters  and  internal  stractoie  -vary  to  t 
certain  extent. 

In  order  to  show  the  dose  connection  that  exists  between  these  two 
so-called  species,  I  wUl  quote  Dr.  Duncan's  description  of  the  corals, 
side  by  side,  with  the  ])arts  numbered,  so  that  the  points  of  specific 
distinction  may  be  more  easily  perceived,  and  will  then  make  my 
remarks  in  support  of  what  I  consider  their  identity. 

Hittrophj/Nia  Lyelli^  sp.  nor.,  Duncan.       HeteropkyUiamirabUU^wp.jior^J>jama. 
Ist.  The  corallum  is  very  long,  very  Ist.  The  coraUnm  is  tall,  very  slender, 

slender,  and  is  slightly  bent.  and  nearly  straight. 

2nd.  The  costic  are  largo,  smooth,  and  2nd.  llie  costse  are  murow,  ronnded, 

rounded;  they  project,  and  are  marked  smooth,  and  slightly  projecting;  they 
with  occasional  tubercles,  pits,  and  have  tubercles  at  rcgiuar  and  lineqnnit 
grooves.  intervals.    These  tubercles  are  rounded 

and  oblique,  and  project  slightly.  To 
each  of  them  is  articulatca  a  curved 
hook-shaped  process,  which  stands  out 
from  the  costa  and  the  tubercles,  its  con- 
cavity being  directed  inwards  and  down- 
wards. 
8rd.  The  intercostal  spaces  are  wide  3rd.  The  intercostal  spaces  are  shallow, 

and  shallow,  and  equal ;  tiiey  are  slightly  wide,  and  usually  convex,  but  occasionally 
concave,  and  arc  marked  with  festoon-  concave ;  they  are  marked  with  three 
shaped  ridges  or  lines.  longitudinal  aelicate    shallow    ^joovea, 

with  very  slightly  rounded  longitudinal 

eminences  between  them.    A  groove  is 

central. 

4th.  The   horizontal  section   of  the         4th.  The  horizontel   section   of  the 

corallum  is  hexagonal  in  outline;   the      coraUum  is  nearly  circular;    there  are 

wall  is  stout  and  thick,  and  only  very      projections  which  correspond  with  the 

slightly  concave  between  the  costa?.  cost^B ;  and  the  wall  is  moderately  thick. 

6th.  The  surface  of  the  corallum  is  6th.  The  surfEUW  of  the  corallum  if 

smooth  and  plain.  smooth. 

^  On  the  Genera  ffettrcphyUta^  Batttnbyia,  Falaoeyelui,  and  AtUroimUia ;  the 
Anatomy  of  their  Species,  and  their  position  in  the  Classification  of  the  SeUrodermit 
Zoantharia,  By  P.  Martin  Duncan,  M.B.  Lond.,  F.G.S.,  Secretary  to  tiie  Geological 
Society.— Kead  May  2,  1867. 
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6th.  There  are  six  septa,  which  are 
united  by  a  linear  septal  columella. 

7th.  The  endotheca  is  tolerably 
abundant. 

8th.  The  diameter  of  the  oorallnm  ii 
1-lOth  inch  or  len. 

9th.  In  the  Carboniferous  limestone  of 
Graigenglen,  Stirling,  and  Brockley, 
Leemahagow,  Lanarkshire. 


6ih.  There  are  nz  eepta,  whieh  aza 
united  bya  linear  septal  oolumeUa. 

7tii.  The  endotheca  is  scanty,  and 
the  dissepiments  are  wide  apart 

8th.  The  diameter  of  the  oorallum  ii 
rather  more  than  l-2<yih  indlu 

9th.  From  the  Carboniferoua  limastona 
of  Craigenglen  amd  Brockley. 


From  the  above  descriptions  it  will  be  seen  that  the  two  species,  as 
described  by  Dr.  Duncan,  have  many  characters  in  common,  and  I 
am  satisfied  that,  had  he  examined  a  larger  number  of  specimens,  he 
would  have  found  every  variety  connecting  them. 

In  the  first  place  this  coral  has  never,  so  far  as  I  am  aware,  been 
found  with  its  extremities  perfect,  fragments  occur  from  three  to 
four  inches  in  length,  but  generally  it  is  found  in  shorter  pieces ; 
these  are  of  every  diameter  between  -xV  and  -^  inch  or  less.  One 
specimen,  8^  inches  in  length,  tapers  in  that  distance  from  i^  to  -gV 
inch  in  diameter,  showing  that  measurements  from  fragments  of 
various  sizes  are  of  no  specific  value. 

All  the  larger  specimens  are  more  or  less  flezuous,  some  of  them 
being  much  curved,  and  occasionally  bent  at  right  angles ;  this  is  the 
case  with  both  stout  and  slender  specimens  of  the  oorallum. 

The  curved  hook-shaped  processes  which  are  described  as  one  of 
the  principal  specific  characters  of  H.  mirabilis,  I  consider  as  of  no 
value  in  distinguishing  that  species,  for  we  possess  specimens  of 
every  diameter  as  formerly  quoted,  showing  these  little  booklets. 
On  nearly  every  specimen  which  is  found  embedded  in  the  shale 
they  may  bo  exposed  with  careful  manipulation.  Indeed  it  seems  to 
have  been  the  perfect  condition  of  the  oorallum,  large  or  smalL  In 
weathered  specimens  of  the  stems,  found  lying  upon  the  shale-banks, 
the  booklets  are  always  broken  off,  but  their  bases  may  still  be  traced 
upon  the  costce,  or  in  the  grooves  to  which  they  were  fixed. 

Dr.  Duncan  states  that  H,  Lyelli  is  only  occasionally  tuberculated, 
but  the  specimen  of  this  species  which  he  figures  in  pi.  xxxL,  fig. 
4,  c.,  is  as  regularly  tuberculated  as  that  shown  in  his  figures  of 
H,  mirabilis.  Except  in  very  much  worn  specimens,  the  tuberdes  are 
always  present  upon  both  large  and  small  diameters  of  the  oorallum, 
and  as  they  are  sometimes  seen  to  vary  slightly  in  number  and 
regularity,  even  upon  parts  of  the  same  stem,  mere  irregularity  of 
occurrence  is  not,  therefore,  to  be  considered  of  any  specific  value. 

The  costad  and  intercostal  spaces  are  also  characters  that  vary 
considerably  in  this  coral,  and  cannot,  I  think,  be  depended  upon  as 
points  of  specific  distinction,  as  some  specimens  of  the  largest 
diameter  have  costad  less  developed  than  those  seen  upon  more  mode- 
rately-sized stems.  The  intercostal  spaces  are  wide,  shallow,  or 
deep,  according  to  the  diameter  of  the  specimen,  and  the  prominenoe 
of  the  costsd. 

In  H.  Lyelli,  the  horizontal  section  of  the  oorallum  is  stated  to  be 
hexagonal,  in  H.  mirabilis,  mostly  circular;  this  is  a  point  that 
appears  to  me  of  no  value  in  the  diagnosis  of  the  species^  as  the 
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aecdon  Tuiet  with  th«  profiiiineiice  of  the  oosoe  and  the  euaieiityor 
ocoicaTitT  of  the  intenx«tal  spaoeSr  and  this  Tvriadon  maj  auuiedmei 
be  seen  upon  the  Bame  specimeiL  In  genenJ.  the  gremtest  nnmber  of 
spcrnmens  of  all  the  Tarioiu  diameters  mec  with,  approadi  the  hen- 
gr^nal  form  ;  cme  fEpecimen,  however,  in  mr  collectioD  showi,  in  a 
cross  section,  a  stellate  or  six-sided  angular  form,  and  another  «dl 
marked  fragment  is  gnadrangnlar  in  section,  having  four  small  tober- 
cnlated  o^jsta^.  Internally  this  specimen  has  only  four  septa  oomt- 
ponding  with  the  costs,  instead  of  six,  the  normal  number.  Odier 
specimens  occnr  which  show  a  nearly  CTrcolar  section,  and  on  some 
of  these,  instead  of  costs?,  we  have  oidy  longitndinal  grooves  to  the 
floor  of  which  the  booklets  were  fixed.  These  differences  in  the  ex- 
ternal form  of  the  stem  of  the  corallnm  I  consider  to  be  mere  ex- 
ceptional variations  of  one  species. 

The  endothcca  and  dissepiments  are  also  characters  that  vair.  In 
many  specimens  the  endotheca  has  either  never  been  well  developed 
or  has  licen  destroved  bv  the  crystallization  of  the  internal  structure 
of  the  oorallum.  The  dissepiments  are  stated  to  be  wide  apart,  bnt 
one  longitudinal  section  shows  30  in  the  length  of  one  inch,  being 
less  than  one  half  line  apart 

It  will  be  seen  from  the  above  remarks  that  this  coral  varies,  to  t 
certain  extent,  l>oth  in  its  external  form  and  internal  structure,  many 
of  its  parts  depending  upon  the  state  of  preservation  in  which  we 
find  the  specimens.  It  seems  to  me  that  Dr.  Duncan  has  taken  the 
sjKJcific  characters  of  II.  LyelU  from  the  lower  portion  of  a  stem  with 
the  ho<^>klets  bn^ken  off  and  slightly  worn,  and  his  H.  mirabilis  from 
the  uf)per  or  more  slender  part  of  a  stem,  as  seen  lying  in  the  shale, 
with  tlie  booklets  in  position. 

There  is  one  important  mistake  which  Dr.  Duncan  has  com- 
mitted in  his  description  of  H.  mirabiltSy  to  which  I  wish  sliortly  to 
refer.  Ho  states  that  the  curved  hook-shaped  spines  or  processes, 
which  stand  out  from  the  costas,  were  articulated  to  the  tuljercles 
ujion  the  costai,  and  he  gives  several  figures  to  illustrate  what  he 
supposes  was  their  mode  of  attacliment.  This  view  is  not  warranted 
by  an  examination  of  several  fine  specimens  in  my  own  collection 
and  in  that  of  Mr.  James  Armstrong,  which  are  embedded  in  shale, 
and  show  the  booklets  in  position. 

Tlieso  wore  not  booklets  articulated  upon  tubercles,  but  small, 
curved,  si)inous  processes  immovoably  attached  to  the  stem,  either 
upon  the  costa9  or  in  grooves.  At  their  base  these  processes  seem  to 
have  boon  tul)ular,  and  when  broken  oflf  and  a  little  worn,  as  seen  in 
weatlierod  specimens,  they  then  present  a  deceptive  appearance  as  of 
a  small  rounded  tubercle,  with  a  pit  in  the  centre,  which  is  caused 
by  the  hollow  base  of  the  Ri)ino. 

In  nearly  every  specimen  in  which  these  delicate  little  booklets 
are  preserved  in  ])08ition,  they  are  seen  to  be  fractured  close  to  their 
attaohuiont  with  the  stem.  This  has  been  produced  by  the  pressure 
to  whicli  the  comllum  was  subjected  while  lying  in  the  soft  shale. 
It  is  easily  seen  from  the  irregular  way  in  which  they  are  fractured, 
that  tlioy  wore  broken  ofif  by  pressure,  and  not  by  any  process  of 
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disarticniation.  On  some  specimens  there  is  still  to  be  seen,  at  rare 
intervals,  a  single  spine  attached  by  its  solid  base  to  the  stem, 
while  on  numerous  other  examples,  where  the  booklets  have  not  been 
fractured  quite  close  to  the  stems,  their  bases  are  seen  projecting  a 
short  distance  from  the  costsB.  In  one  specimen  the  booklet  has  been 
broken  off  near  the  stem,  but  the  matrix  retains  a  cast  of  the  de- 
tached spine ;  the  contour  of  which,  from  base  to  apex,  is  perfectly 
even  and  unbroken,  an  appearance  incompatible  with  the  alleged 
mode  of  attachment.  The  above  facts  clearly  show  that  there  was 
no  articulation  of  their  bases  upon  rounded  tubercles,  which  would, 
it  appears  to  me,  be  quite  an  anomaly  in  the  structure  of  a  zoophyte. 

A  specimen  of  what  seems  to  have  been  a  fragment  of  this  coral 
was  figured  by  David  Ure  in  his  Natural  History  of  Rutherglen  and 
East  Kilbride,  in  the  year  1793,  pi.  xix.,  fig.  11.  Ure  does  not  de- 
scribe the  specimen  further  than  by  stating  that  it  was  beautiful  on 
account  of  its  denticulation,  and  that  it  was  rare.  He  placed  it 
among  his  Coralloides. 

Prof.  M'Coy's  Serptda  kexiearinaia  evidently  belongs  to  this  ooral, 
or  to  a  closely  allied  species  of  Heteroph^llia.  His  specimen  seems  to 
have  shown  no  internal  structure,  nor  any  of  the  external  spinous 
processes :  this  led  him  to  conclude  that  it  was  some  anomalous 
species  of  Serptda,  The  absence  of  structure  and  external  markings, 
may  have  been  due  to  the  specimen  having  been  preserved  in  a 
crystalline  limestone.  M'Coy  thus  defines  the  organism  in  his  Car- 
boniferous fossils  of  Ireland.  "  Serpula  hexicarinata,  pi.  xxiii.,  fig. 
28,  sp.  ch.  Elongate,  slightly  flexuous,  hexagonal;  sides  nearly 
equal,  smooth,  flat ;  rounded,  prominent  keel  on  each  of  the  angles. 
This  species  is  easily  distinguished  from  any  other  of  the  Palaoozoic 
Serptda^  by  the  hexagonal  form  of  the  tube,  and  the  six,  narrow, 
rounded  keels  on  the  angles.  Length  usually  about  two  inches, 
width  half  a  line." 

So  closely  does  the  above  description  answer  to  small,  worn 
specimens  of  H.  mirahilis,  that  my  specimens  were  long  identified 
with  M'Coy*s  fossil,  and  as  such  appeared  with  his  name  in  my  lists 
with  a  (?),  as  I  was  satisfied  that  it  could  not  belong  to  the  genus 
Serptda,  but  was  a  zoophyte  closely  allied  to  other  forms  I  had 
found  at  Brockley  near  Lesmahagow,  which  Dr.  Duncan  has  now 
placed,  no  doubt  correctly,  among  Professor  M*Coy*s  Heleropkyllia} 

Craigenglon,  Campsie,  has  yielded  the  finest  preserved  specimens 
of  the  coral  under  discussion,  and  as  these  specimens  seem  to  prove 
the  identity  of  the  two  so-called  species,  one  of  the  specific  names 
adopted  by  Dr.  Duncan  must  be  allowed  to  drop.  I  would,  there- 
fore, suggest  that  that  of  H.  mtrabilis  be  the  one  retained,  as  it  is 
given  to  the  specimen  which  represents  the  most  perfect  condition 
of  the  coral. 

^  In  the  Catalog;ue  of  the  coUectaon  of  fossils  in  the  Museum  of  Practical  Gteologv, 
page  129,  Serpula  hexagona  is  mentioned  from  the  Glasgow  district.  Unfortunately 
as  the  authorities  for  the  species  are  not  given  in  that  work,  I  am  unable  to  state 
whether  that  species  be  the  same  as  M 'Coy's  S.  luxiearinata.  But  I  suspect  that  it 
is,  and  if  so,  then  it  must  be  referred  to  the  genus  of  corals  in  question,  for  I  know 
of  no  hexagonal  form  of  Serpula  ftom  the  Carboniferous  strata  of  Sootlaud,  especially 
from  the  Glasgow  district,  with  the  fossils  of  which  I  am  well  acquainted. 
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Abstract  or  a  Papkb  o^  "  The  GiiACiai.  ahi)  Post-glacial  9lI^^ 

TUBE  OF  NOBFOLK  AKD  SUFFOLK."      Bj  MeSBIB.   SxARLBS  Y.  VOOB^ 

Junr.,  and  F.  W.  Habxeb.^ 

(Read  before  the  Britiah  AMOciation  at  Norwich,  Augmt  20,  1868.) 

rLS  paper  was  a  Bunmary  of  tiie  results  arziTed  at  by  &B 
aathors,  from  a  survey  and  mappings  of  the  Graff  and  ffl«<^ 
beds  of  Norfolk  and  Suffolk,  upon  the  Ordnance  (one  inch  to  tb 
mile)  map,  which  they  have  been  carrying  on  dnring  the  last  four 
years.  The  paper  was  illustrated  with  a  large  map,  oonstnictol 
from  their  survey  map,  and  copious  detailed  sections,  traveningtiie 
counties  in  various  directions,  without  which  the  paper  itself  is  diffi- 
cult to  be  understood.  The  principal  results  at  which  die  authon 
have  arrived  at  are  as  follows : — 

That  the  Fluvio-marine  Crag  of  Thoq^y  and  Bramerton,  and  of 
Wangford,  Bulchamp,  and  Thorpe,  near  Aldboro%  is  cooTal  with  the 
newer  part  of  the  Bed  Crag. 

That  the  Crag  of  Burgh,  Horstead,  and  Coltishall,  in  the  Bun 
Valley,  is  a  fluvio-marine  development  of  the  Chillesford  shell  bed,  or 
Crag  of  lilaston  and  Aldeby,  which,  divided  from  the  Bed  and  Fluvio- 
marine  Crag  by  an  interval  of  sand  of  varying  thickness,  overlies  thd 
Bed  Crag  at  Chillesford,  and  the  Fluvio-marine  Crag  (or  old  Nor- 
wich Crag)  at  Thorjie  and  Bramcrton. 

ITiat  tho  so-called  Crag  of  Belaugh,  in  the  Bure  Valley,  and  the 
so-called  Crag  of  the  Weyboume  and  Cromer  coast,  are  newer  th^n 
the  Chillesford  beds  (which,  unless  the  pebble  beds  next  mentioned 
be  a  still  higher  part  of  the  Crag  series,  form  the  uppermost  of  the 
true  Crag  series),  being  characterised  by  the  presence  in  profusion 
of  a  shell  unknown  to  any  bed  of  the  true  Crag  series  from  the 
Chillesford  clay  downwards — viz.,  the  Tellina  soU'dtda ;  and  were 
introduced  after  an  elevation  of  the  Crag  area  had  converted  the 
southern  portion  of  it  into  land,  and  given  rise  over  the  northern  por- 
tion to  extensive  sands  witli  pebble  beds,  which  rest  on  and  indent 
the  Chillesford  clay  in  that  northern  portion.  These  sands  with 
pebbles  occupy  in  tlie  south  of  Norfolk,  and  north  of  Suffolk,  the 
same  place  relatively  to  the  contorted  Drift  as  is  occupied  on  the 
Cromer  coast  by  tho  Wey bourne  sand  (or  so-called  "  Crag  "  of  the 
Cromer  coast),  the  Cromer  Till,  and  the  indenting  sand  (or  bed  C 
after-mentioned).  These  pebble  beds  may  thus  represent  in  time 
either  tho  whole  or  any  one  of  the  formations  A,  B,  and  C  (described 
fm-ther  on) ;  or  they  may  form  merely  the  closing  bed  of  tlie  true 
Crag  series,'  in  wliich  case  the  Wej'boume  sand,  the  Cromer  TiU, 
and  bod  C  are  entirely  unrepresented  in  the  south  of  Norfolk  and 
north  of  Suffolk. 

That  the  forest  beds  of   the  coast  extending  from   Eccles  to 

^  Tho  abstract  has  been  most  obligiDgly  prepared  and  furnished  by  the  autbon  ex- 
pressly fur  publication  in  the  Gkolooical  Maoazixb. — Edit. 

*  liic  autliors  arc  inclined  to  think  that  the  second  of  these  altcmatiTCfl  is  the  true 
one ;  and  they  hope  to  dear  up  the  point  by  means  of  a  foniliferoiu  pebble-bed  near 
Bungay. 
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Weyboume,  with  their  associated  sandy  days  of  freshwater  origin, 
(being  the  oldest  beds  exposed  along  that  ooast,  and  having  been 
partially  destroyed  by  the  denudation  of  the  sea  depositing  uie  so- 
oalled  Crag  containing  TeUtna  aolidula)^  represent  a  land  surface  of 
some  period  anterior  to  this  so-called  Crag.  That  as  this  period 
extends  from  the  close  of  the  true  Crag  series  downwards,  such  land 
surface  may  be  either  contemporaneous  with  the  true  Crag  series 
(which  has  no  place  on  the  northern  coast  of  Norfolk),  or  may  be 
of  a  period  intervening  between  the  close  of  that  series  and  the 
actual  submergence  of  northern  Norfolk,  which  was  accompanied 
by  the  introduction  of  TeUina  aolidtda,  and  the  accumulation  of 
the  Weyboume  sand,  or  so-called  '*  Crag  "  of  the  Cromer  coast.' 

That  the  Mammalian  teeth  and  jaw  fragments  of  ierrestridl  Mam- 
malia (generally  more  or  less  rolled),  obtained  as  yet  from  the 
Eluvio-marine  Crag  and  Chillesford  beds,  do  not  represent  the  Mam- 
malian fauna  of  the  deposit  in  which  they  occur,  but  are  derivative 
from  some  older  bed. 

That,  contrary  to  the  views  of  the  Bev.  John  Gunn  and  others, 
who  discover  an  Upper  and  Lower  Boulder-clay  in  the  cliffs  between 
Weyboume  and  Eccles,  and  identify  the  former  with  the  great 
Boulder-clay  formation  of  the  East  of  England,  the  authors  regard 
everything  in  those  difiisi  as  inferior,  not  only  to  the  great  Boulder- 
day,  but  also  to  the  extensive  sands  and  gravels  termed  by  them 
Middle  Glacial ;  these  sands  and  gravels  (which  underlie  a  large  part 
of  the  great  Boulder-clay  in  the  counties  of  Norfolk,  Suffolk,  Essex, 
Hertford,  Buckingham,  and  Leicester,)  only  capping  with  their  base 
the  cliffs  in  places,  but  in  greater  mass  forming  the  sand  hills,  which 
immediately  inland  occupy  higher  groimd  than  the  top  of  the  clifb, 
and  are  spread  extensively  over  northern  Norfolk. 

That  ail  the  beds  of  the  cliff-section  between  Eccles  and  Wey- 
boume (except  the  patches  of  the  base  of  the  Middle  Glacial  sands, 
which  in  places  cap  it,)  form  a  series  of  themselves  which  they  term 
the  Lower  Glacial,  and  are  throughout  characterised  by  the  presence 
of  TeUina  solidula.  These  are  divisible  into  the  following,  wiiich  are 
given  in  the  ascending  order. 

A. — The  Weyboume  Sand,  the  base  of  which,  when  resting  on  the 
Chalk,  is  often  occupied  by  an  accumulation  of  shell-patches  known 
to  collectors  as  "The  Norwich  Crag"  of  the  coast  Tliis  sand  be- 
comes, east  of  Cromer,  charged  with  lignite,  and  often  laminated 
with  bands  of  lignitiferous  clay,  in  which  condition  it  constitutes 
the  "laminated  scries"  of  the  Bev.  John  Gunn.  In  that  condition 
it  is  unfossiliferous,  the  lignite  intermixture  apparently  rendering 
it  imsuited  for  molluscan  life,  of  which   the  remains  are  usually 

*  The  authors  would  observe  that  the  position  of  the  bed  ^eldinp  wood  and  Mam- 
malian remains  beneath  the  Middle  Glacial  sands  at  Ecssingland  Cliff  in  Suffolk, 
seems,  from  its  position  relatively  to  the  Chillesford  Clay,  two  miles  distant,  to  be 
clearly  subsequent  to  the  close  of  the  Crag  scries ;  but  whether  this  bed  be  syn- 
cliron'ous  with  the  whole  of  the  Forest  and  freshwater  deposits  of  the  Cromer  coast, 
or  whether  the  latter  may  not  represent  a  much  longer  duration  of  land  surface — a 
duration  embracing  the  period  of  the  Kcssingland  bed,  but  reaching  back  into  the 
Crag  period — must  be  determined  by  the  palieontological  evidence  oiily. 
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present  when  in  its  pore  condition,     lliis  sand  passes  up  by  into^ 
beddings  into : — 

B. — ^The  Cromer  Till,  or  "Lower  Boulder-clay"  of  Hr. OnoLft 
sandy  clay  with  numerous  small  stones,  and  with  occai^oiuJly  t 
boulder  of  larger  dimensions. 

c. — Sands  which,  where  the  cliff  is  uncontorted,  are  seen  to  h 
indented  into  a  deeply  eroded  surface  of  the  Till,  and  to  haTB  Am* 
selves  been  also  denuded,  so  as  to  form  an  eren  floor  for  the  enflDBg 
formation,  viz., 

D.—  The  Contorted  Drift.     This  bed  is  the  widest  spread  of  4i 
Lower  Glacial  series.     It  begins  in  the  north  of  SniTolk  as  a  nd* 
dish    brown  brick-earth,  a  few   feet  thick,    resting  on  the  sandi 
with  pebbles,  before   described,  but  sometimes  the  pebbly  sandi 
have  hoeii  removed.     It  comes  up  at  the  base  of  Pakefield  and  Coita 
cliifs  (where,  as  well  as  in  the  sections  at  Bishops  Bridge,  Norwidi, 
it  is  called  by  Mr.  Qunn  and  others  **  Lower  Boulder-day,")  and 
thickening  rapidly  as  it  extends  northwards,  comes  out  at  the  eastern 
termination  of  the  Cromer  coast  section  at  Eccles,  as  the  well-known 
Contorted  Drift  of  that  coast,  from  whence  it  extends  continuoody, 
and  as  the  uppermost  bed  of  the  cliff  (except  the  sand  cappings)  to 
Weybourne.     The  authors  state  that  they  have  traced  it  from  its 
attenuated  commencement  in  the  north-east  of  Suffolk  and  sonth- 
east  of  Norfolk  in  every  direction  northwards,   and    found  it  at 
Cargate  Green,  near  Acle  (ten  miles  only  south  of  the  Cromer  coast), 
overlaid  by  the  great  Boulder-clay  (or  IFpper  Glacial),  and  at  West 
Soiiierton  (seven  miles  south-east  of  the  Eccles  termination  of  the 
coast  section)  overlaid  by  Middle  Glacial  sand,  and  that  again  by 
the  givat  Boulder-clay  in  direct  superposition.     In  its  brick-earth 
coiulitiou  it  is  sometimes  full  of  small  stones,  occasional! v  also  of 
minute  clialk  fragments,  and  often  contains  large  sand-^ills.    In 
the  direction  of  Weyboiume  this  deposit  becomes  more  marly  by  the 
intermixture  of  fine  chalk  sediment:  and  west  of  Munde-slev,  at 
wliich  place  it  begins  to  be  contorted,  gi-eat  masses  of  pure  white 
marl  or  reconstructed  Chalk  (which  have  been  described  as  chalk- 
masses  b}^  obsei*\'ers,)  occur  in  it,  which,  by  the  weight  of  the  bergs 
carrj^ing  them,  have  sunk  in  some  cases  into  the  su^'acent  Till,  and 
even  into  the  Weybourne  sand,     lliese  marl  masses  the  authors 
describe  as  being  detached  fragments  from  the  more  inland  portion 
of  the  Contorted  Drift  itself ;    which,  inland  from  the  coast,  both 
southwards  towards  Reepham   and  Holt,  and   westwards   towards 
Wells,  l)ecomes  formed  exclusively  of  this  marl.     They  attribute  the 
formation  of  this  marly  portion  of  the  Contorted  Drift  to  a  discharge 
of  ground-up  Chalk  from  the  debouchure  of  a  Glacier  that  occupied 
the  Chalk  country  of  Cambridgeshire  and  West  Suffolk ;  the  brick- 
earth  which  forms  the  easterly  development  of  the  Contorted  Drift, 
being  due  to  a  river  discharge  in  that  part ;  the  two  sediments  inter- 
mingling in  the  intermediate  area,  and  producing  the  alternations  of 
marl  and  brick-earth  there  presented  by  this  formation.     The  de- 
tached masses  of  the  marl  were,  they  consider,  introduced  into  the 
brick-earth  portion  of  the  deposit  by  the  agency  of  bergs,  which. 
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breaking  from  the  Glacier  and  grounding,  picked  tm  masses  of  the 
marl  forming  over  the  sea-bottom  in  that  part  of  the  area.  These 
masses  the  bergs  carried  out  into  the  area  where  the  brick-earth  was 
aocumulating,  and  grounding  again,  imbedded  them  in  the  brick- 
earth,  and  even  in  the  subjacent  Till  and  Weyboume  Sand,  contort- 
ing the  beds  in  the  process.  From  detached  portions  of  this  marl, 
which  they  have  found  as  far  south  as  Claydon,  near  Ipswich,  and 
8tanstead,  near  Lavenham,  in  Suffolk,  they  infer  that  this  deposit 
covered  the  west  of  Suffolk  and  Norfolk,  but  underwent  great  denu- 
dation in  the  former  part  by  the  waters  of  the  Middle  Qlacial  sea, 
the  sands  of  that  sea,  west  and  south  of  Diss,  lying  up  to  bosses 
of  it  in  some  parts,  and  overlying  it  in  others. 

That  the  fauna  of  the  lower  Glacial  beds  is  marked  by  the  disappear- 
ance of  all  except  the  boreal  and  arctic  moUusca  of  the  Crag,  rather 
than  by  the  introduction  of  a  new  fauna,  the  principal  introduction 
being  the  TeUina  aolidtda.  A  list  of  28  species  of  moUusca  was 
given  by  the  authors  from  these  lower  Glacial  beds. 

That  the  sands  and  gravels,  attaining  frequently  a  thickness  of  fifty 
or  sixty  feet,  which  imderlie  much  of  the  great  Boulder-clay  in  the 
six  counties  before-mentioned,  and  which,  termed  by  the  authors  the 
Middle  Glacial,  pass  over  the  Lower  Glacial  series,  a,  b,  c,  and  n,  just 
described,  contain  a  molluscan  fauna  of  which  they  enimierate  23 
species.  The  interest  attaching  to  this  fauna  consists  in  the  fact  that 
Pedunculus  glycimerisj  which  dies  out  in  the  newer  part  of  the  Red  Crag, 
and  is  excessivel)'^  rare  in  the  Fluvio-marine  or  true  Norwich  Crag,  re- 
turned during  this  formation  in  abundance,  as  well  as  Oatrea  edulia,  a 
shell  which  similarly  disappears  in  the  newer  beds  of  the  Crag,  and 
it  is  not  known  now  within  the  Arctic  circle.  Although  a  bed,  a  few 
feet  thick,  of  Boulder-clay  identical  in  composition  with  the  great 
Boulder-clay,  but  of  very  limited  extent,  occurs  at  the  base  of  this 
formation  at  two  places  in  north-east  Suffolk  and  at  one  place  in 
Hertfordshire,  its  features  and  fauna  both  appear  to  indicate  that 
some  considerable  amelioration  of  the  very  severe  climate  to  which 
the  marl  of  the  Contorted  Drift  that  preceded  it  was  due,  occurred 
in  the  interval  occupied  by  this  formation. 

That  the  true  wide-spread  Boulder-clay  of  the  east  of  England, 
termed  by  the  authors,  the  Upper  Glacial,  ceases  from  denudation 
in  northern  Norfolk,  along  a  fine  drawn  from  Winterton  on  the 
north-east  coast  to  Norwich,  and  thence  passing  near  Aylsham 
through  Cawston,  Guestwick,  and  Barney,  to  a  point  a  little  north 
of  Fakenham.  On  the  east  of  the  county,  that  is  to  say,  to  the 
south-east  of  a  line  joining  Norwich  and  Happisburgh,  the  Middle 
Glacial  sand  and  the  underlying  contorted  Drift  crop  out  from 
beneath  the  true  Boulder-clay,  in  regular  sequence ;  but  over  the 
centre  of  Norfolk  the  authors  describe  a  very  anomalous  structure, 
which  is  that  the  true  Boulder-clay  (or  Upper  Glacial)  has  been  de- 
posited in  a  great  trough  more  than  twenty  miles  wide,  which  has 
been  excavated  through  the  Middle  Glacial  sands  and  subjacent 
Lower  Glacial  beds  down  to  the  Chalk.  The  effect  of  this  has  been  to 
bring  the  true  Boulder-clay  (or  Upper  Glacial),  resting  on  the  Chalk, 
down  to  a  level  on  the  west  and  south-west  of  Norwich,  wbidb.  \dl 
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■omo  parts  is  below  that  of  the  Crag,  and  nearly  1 00  feet  bdow  fliif» 
Hon  which  it  oocupies  when  resting  on  the  older  Glacial  beds  is  w 
turbod  sequence  of  deposit,  the  Chalk  npon  nrhich  the  UmierGlnl 
thus  rests  direct,  being  generally  in  a  glaciated  or  disturbed  oraAiB 

That  over  the  central  part  of  Norfolk,  nrhere  the  Upper  Gfadi 
thus  goes  down  in  solid  mass  to  the  Chalk,  it  is  overspread  bjote 
sive  beds  of  Post-glacial  gravel,*  which  not  only  cap  the  plataH 
but  spread  over  the  sides  of  the  valleys,  aometunes  forming  a  tf 
tinuous  wrapping  sheet  down  to  their  bottoma,  and  preseniaf 
general  absence  of  terrace  structure.  Theee  featnres  the  andM 
consider  as  repugnant  to  any  theory  aooonnting  for  the  excavation i 
the  valleys  by  river-action.  Similar  old  Post-glacial  giaveli  i 
also  present,  but  less  extensively,  in  eastern  Norfolk,  where  & 
rest  on  the  denuded  surfaces  of  the  Upper  and  Middle  Glacial  fona 
tions ;  laige  sheets  of  them  capping  the  former  at  Poringland,  ■ 
tlie  latter  at  ^lousehold  Heath. 

Tlmt,  in  addition  to  these  older  gravels,  sheets  of  a  newer  gnv 
more  or  h'ss  concealed  by  tlie  alluvium,  oocupy  the  bottoms  of  sk 
of  the  river- valleys.  This  newer  gravel  they  consider  may  be  i 
de]x>8its  of  the  rivers  during  the  Poet-Qlacial  period,  and  after  t 
viilloya  hml  been  formed  by  tidal  action. 

llie  seiiuence  of  the  beds,  omitting  the  PoBt-Gladal,  may 

summed  up  as  follows,  the  beds  being  taken  in  descending  order : 

1.    Tho  rpiHT  Glacial,  or  true  Boulder-daj,  of  the  East  of  Enfland  \  r%^.    # 
1>.     Tho  MuUUp  (;iarial  winds  and  gravels  |  ™  <*f  \ 

3.  Thr  ('(>ntort«Hl  Drift.  iH^pnninjj:  as  a  thin  bod  in  the  North-east  of  (      ijll?* 

SulFolk,  and  thickcniiip:  out  towards  the  Norfolk  coast  /       «*'* 

4.  Tho  Pohhlv  tijinds  and  IVbble  beds. 

A.    Thr  (nulhif(»nl  Clay  -) 

0      SandM  oont;iining  tho  Cliillcsford  thelJ-hetL,  or  Crag  of  Chillcsford,  f  q^^    *. 
SudlM.uni  Church  Walks,  Easton  Cliff,  and  Aldeby,  and  Upper  >^^a^ 
biMl  of  Uramorton  [  ^"^  ^ 

7.     Tlic  Wk-A  and  Fluvio-marine  Crag  J 

Tlu'  Wi'vhiiuni  sand  ^A),  the  Cromer  Till  (B),  and  the  indenting  gaud  (C),  (wh 
vrith  tho  contorttnl  dritl  niako  up  the  Lower  Glacial  formation),  come  in  bulow  toe  1 
No.  3,  which  spreads  over  them  and  over  No.  4;  but  as  thev  are  absent  wh 
No.  4  is  pn-sont  thoy,  &*  hofori'  explained,  may  either  represent  \o.  4,  or  No.  4  n 
\w  only  the  u]>i>onn<»st  member  of  the  true  Crag  series. 

In  f><tuth-t>a.Ht  Sutl'olk  No.  2  rests  on  5,  6,  or  7,  bat  most  frequently  on  No. 
Nos.  5  and  0  having  bi'cn  much  deuudi>d  prior  to  the  deposit  of  No.  2. 


iaE^V^IE^W"S- 


I. — A  Journey  in  Brazil.  By  Professor  and  Mrs.  Louis  Agassi 
Boston :  Tickiior  and  Fields.  London :  Triibner  and  Co.,  i 
Paternoster  Row.  18G8.  8vo.  pp.  540,  with  20  woodcut  ei 
gravinj:;s. 

"  ITIO  ISIr.  Nathaniel  Thayer,  the  friend  who  made  it  possible " 
I       give  this  journey  the  character  of  a  scientific  expedition,  tl 

^  In  the  small  map  of  the  Glacial  beds  of  the  cast  of  England,  printed  by  one 
the  authors  for  private  circulation  in  1865,  the  centre  of  Norfolk,  where  these  Poi 

flacial  sands  ana  gravels  so  extensively  occur,  was  represented  as  principally  occupi< 
y  the  sands  and  gravels  of  the  Middle  Glacial  series.     This  error,  which  the  pro» 
cution  of  their  work  has  detected,  the  aathors  desire  to  call  to  notice. 
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•  resent  volume  is  gratefully  inscribed."    Thus  reads  the  dedication, 
=^:tid  we  presently  learn  that  when,  in  the  winter  of  1865,  it  became 
=^SB^oe8Bary  for  Professor  Agassiz  to  seek  a  change  of  climate,  he  began 
brood  over  his  long-cherished  wish  to  visit    Brazil.      Single- 
handed,  this  journey,  however  pleasant  as  a  vacation,  would  produce 
little  result,  and  would  thus  possess  no  charm  for  him.    Under 
rrrrxiiete  circumstances,  and  while  the  Professor  was  still  in  a  state  of 
sjerplexity,  he  met  Mr.  Nathaniel  Thayer,  who  said  in  reference  to 
^he  proposed  journey: — "  You  wish,  of  course,  to  give  it  a  scientific 
jbaracter ;  take  six  assistants  with  you,  and  I  will  be  responsible  for 
zzill  their  expenses,  personal  and  scientific."     We  can  well  believe 
i^diat  the  Professor  doubted  at  first  whether  he  had  heard  rightly, 
^i  3aoh  generosity  is  not  of  every-day  occurrence,  and  is  the  more  un- 
.-dOSiial,  from  the  simple,  unostentatious  manner  in  which  it  was  offered, 
^■-and  the  large  and  liberal  manner  in  which  it  was  carried  out. 

This  volume  does  not  profess  to  contain  the  results  of  the  expedi- 
^-  tion ; .  many  of  them  have  to  be  worked  out,  and  may  require  years 
i_  ci  labour  to  evolve.  What  it  professes  to  be,  and  what  it  really 
z  consists  of,  is  a  journal  or  diary  written  by  Mrs.  Agassiz,  with  inter- 

-  spersed  remarks  by  the  Professor ;  he  was  in  the  habit  of  giving 
her  daily  the  more  general  results  of  his  scientific  observations; 

•^    and,  in  a  few  places,  we  find  a  scientific  essay,  which  has  evidently 

-  been  written  by  him. 

The  journey  was  from  Bio  de  Janeiro,  up  the  Amazon  to  Taba- 
tinga,  and  back  to  Manaos.     From  this  place  excursions  were  made 
'     up  the  tributaries  of  the  Amazon,  and  finally  the  party  returned 
to  Bio,  after  the  lapse  of  more  than  a  twelvemonth. 

It  would  be  next  to  impossible  for  any  observing  naturalist  to 
;^  spend  a  whole  year  on  the  Amazon  without  finding  something 
^.  astonishing ;  but  we  question  whether  many  men  would  have  found 
the  marvels  there  which  Professor  Agassiz  seems  to  have  done.  We 
have  nothing  to  do  with  the  2000  species  of  fishes  which  he  states 
that  he  hasf  collected,  nor  with  the  200  species  which  inhabit,  and 
are  nearly  confined  to,  a  small  pond  covering  a  space  of  not  more 
than  four  or  five  hundred  square  yards.  All  this  sort  of  thing  must 
be  provisionally  accepted  until  the  figures  and  descriptions  are  pub- 
lished, and  then  we  shall  expect  the  Zoologists  to  say  something  about 
them.  What  we,  as  Geologists,  have  to  do  with,  is  Prof.  Agassiz's 
assertion  that,  during  the  Glacial  periods,  the  whole  valley  of  the 
Amazon  and  its  tributaries  was  occupied  by  an  enormous  glacier. 
Let  us  now  endeavour  to  follow  Professor  Agassiz  in  his  wonder- 
ful interpretation  of  the  geological  history  of  the  valley  of  the 
Amazon. 

This  valley  was  first  sketched  out  by  the  elevation  of  two  tracts 
of  land ;  namely,  the  plateau  of  Guiana  on  the  north,  and  the  central 
plateau  of  Brazil  on  the  south.  At  a  later  period  the  upheaval  of  the 
Andes  took  place,  closing  the  western  side  of  this  strait,  and  thus 
transforming  it  into  a  gulf  open  only  towards  the  east.  At  the  close 
of  the  Secondary  period,  the  whole  Amazonian  basin  (including  in 
this  term  the  provinces  of  Ceara,  Pianhy,  and  Maranham)  berime 
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lin':-i  with  -i  rr^taceon*  dep-i-dt  irhkji  czops  oat  s£  tcv^b  IxAb 
hlui:  i*>  (v^niers.     It  i*  thus  a  Cretaoeoas  iMffin.     C^  &  T«vf 
jKrri'j-l  tL*:r»*  i*!  no  repre«:ntarive  kno^rn.  as  the  mcoeeiisr  {izatiia 
ar'-  '-f  1  it»T  dat^.     Tbr«e  are  three  in  noznl^r.  the  ol'ioi  •??  «W 
is  nir*.-ly  vi«ibIo.  but  C'jn«i«t£  of  sandstooe  or  stratified  a&i:  i|B 
this  r*:-»t»  (rvfrrywhtre  an  ext^naiTe  depiD^  of  finel v-Iamintsed  jn 
^HOUiftiiiK.-s  Icf-'king  like  clay-slates  k  ^rhich  have  yielded  f»albni 
clo?w:ly  r'-s»:rijblinp  th:»se  ti'f  plants  living  in  the  r^^on.    TbeMBl 
fonij;ition,  .f'.-niierly  refcrred  either  to  the  Old  Red  or  tkeTm 
consists  'if  be*];*  '^f  f^uid  and   sandstone,   freqaentlr  false-bedU 
pn-s'.-ntin;^  a  vari'.-ty  of  asfiects,  and  being-  very  variable  in  thiciBa: 
in  Honjf;  places  fonuing  isolated  hills  S^JO  feet  in   height  aid  a 
othc-rs  )»*;in;^  n.-pPrsc-nted  by  a  mere  remnant.     The  third  and  cffff- 
most  dr.|rf,j,ii  is  clavf-y.  containing  more  or  less  sand,  and  rSA 
in  r-oloiir.     In  the- upfK-r  portion  of  the  valley  it  is  obscuK-ly  stnfr 
fici],  iiU'l  its  niutori:ils  are  small ;  but   near  liio^   it   contains  liz0 
BtonoH.     Almost  over\- where  its  base  is  marked  bv  a  bed  of  sad 
pr.'MjIf-s,  an*l  it  rojioscs  miconfonnablj  on  the  underlying  formali]! 
Profi-8.sor  AgJissiz,  however,  has  convinced   himself  that  they  fwr 
df']ffmu-i\  )}\  tho  same  water-system  within  the  same  basin,  bat  i 
diff<*n.*nt  b-vols. 

Tho  oxtont  of  those  formations  is  something  Siarvellous,  but  so i 
tlio  oxpl'ination  of  their  origin. 

ProfVhsor  Agassi z  believes  that  all  these  deposits  belong  to  tl 
ico-porioil  in  its  i-arlior  or  later  phases.  He  infers  that  the  valley- 
tho  Amazon  had  an  enormous  glacier  poured  down  into  it  fr?] 
tho  a<;<Mniiulati'ins  of  snow  in  the  Cordilleras,  and  swollen  latfralJ 
by  th«'  tributary  glaciers  descending  from  the  table-lain  Is  of  Guiai 
and  I'lJizil.  Its  movement  was  eastward,  it  ploughed  up  at 
gronntl  (lr»wn  the  bottom  of  the  valley,  and  it  built  up  aa;  its  termin 
morainr^  a  colossal  sea-wall  of  gigantic  proportions.  But  there  a; 
no  furrows,  no  stria*,  no  polishing.  Professor  Agassiz  replie 
Ik'Wiuso  thoro  aro  no  natural  rock -surfaces ;  and  there  are  roch 
moiitonnrfH  nnd  ])oulders.  The  climate  then  became  milder,  and  d 
glacier  }»artially  melted,  transforming  the  basin  with  its  soa-wa 
into  ft  vast  fresh-water  lake,  covered  with  a  thick  crust  of  ic 
Under  these  eircumstances  were  deposited  the  coarse  pebbly  sai 
and  the  supeqiosed  finely  laminated  clays.  Our  author  expects  i 
be  hen*  reminded  of  his  fossil  leaves  and  their  tropic^  chanicter,  ar 
ho  makes  a  very  poor  reply, — for  the  vegetation  of  Switzerland,  c 
tli(5  })onlers  of  glaciers,  to  which  ho  appeals,  is  certainly  not  tropica 

Tho  second  Ibnnation  belongs  to  a  later  period,  when  the  who! 
body  of  iee  being  more  or  less  thawed,  the  basin  contaiiieil  a  large 
quantity  of  water  ;  and  we  are  asked  to  believe  that  under  these  ch 
cumstan(?es  a  sandstone  formation  was  deposited,  here  and  thei 
falRe-bodd(Ml,  and  attaining  a  thickness  of  800  feet  At  the  end  c 
this  time,  tho  sea  is  supposed  to  have  worn  away  the  terminal  morain 
so  as  to  rolcjise  this  vast  body  of  water,  which  consequently  rushe 
violently  seaward,  denuding  the  sandstone  it  had  just  deposite< 
except  iu  a  few  places  where  it  left  the  flat-topped  **  donudatio 
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^--liill "  of  the  Sierra  of  Erer^.  The  basin  was  not,  however,  entirely 
^  cnptied,  and  a  period  of  quiet  accamulation  again  set  in,  during 
.£^  winch  the  third  formation  was  deposited,  and  the  boulders  of  Er^re 
-;^  ware  carried  to  their  resting  place  either  by  the  last  remnants  of 
~~~  the  ice-field,  or  by  icebergs  dropped  into  the  basin  from  glaciers 
..    still  remaining  in  the  Andes,  etc. 

The  only  reason  which  Professor  Agassiz  can  adduce  for  not 
regarding  these  formations  as  marine,  is  that  he  found  no  marine 
]  ^ssils.  But  we  ask — How  many  years  was  the  North  G^erman 
plain  hunted  for  marine  fossils  before  they  were  foimd  ?  And  is  one 
year's  search  over  hundreds  of  thousands  of  square  miles  to  be  oon- 
flidered  exhaustive  ?     We  think  not. 

Although  we  cannot  accept  Professor  Agassi z's  explanation  of 
the  phenomena,  we  willingly  recognise  his  claim  to  having  advanced 
our  knowledge  of  Greology  by  proving  these  formations  to  be  very 
recent,  and  not  to  belong  to  the  Devonian  and  Triassio  periods.  We 
can  also  recommend  the  book  to  general  readers  who  take  any 
interest  in  Natural  History.  It  is  agreeably  written,  and  contains 
many  of  those  interesting  accounts  of  little  episodes  and  experiences 
which  go  so  far  towards  making  the  charm  peculiar  to  a  good  book 
of  Travels. 


n. — A  Practical  Guide  fob  Toubists,  Mineks,  and  Ikvsstobs,  ahd 
ALL  Persons  interested  in  the  Development  of  the  Gold 
Fields  op  Nova  Scotia.  By  A.  Hsathebington.  12mo.  pp. 
177.     Montreal,  1B68.     John  Lovell. 

THIS  little  work,  which  as  stated  by  the  author,  has  been  brought 
forward  for  the  express  purpose  of  directing  the  attention  of 
capitalists  to  the  development  of  the  mineral  resources  of  Nova 
S<K)tia,  seems  to  give  a  fair  statement  of  what  is  known  at  present 
with  respect  to  the  gold-fields  of  that  country.. 

It  is  got  up  in  a  compact  and  handy  form ;  and,  after  an  introduc- 
tory sketch  ot  the  history  of  the  colony  and  of  the  first  discoveries  of 
gold,  which  appear  to  have  been  made  as  far  back  as  1849,  it  gives  a 
brief  description  of  the  several  auriferous  districts  which  have  been 
proclaimed,  or  in  which  gold  is  known  to  occur. 

The  Geology  is  represented  by  abstracts  from  the  reports  of  Pro- 
fessors Taylor  and  Silliman  of  the  United  States,,  and  of  the  Govern- 
ment explorers,  Messrs.  Poole  and  Campbell,  and  is  illustrated  by  a 
coloured  section  across  the  gold-bearing  rocks  of  the  Atlantic  coast  of 
Nova  Scotia,  by  the  last-named  explorer.  The  prevailing  rocks 
appear  to  be  metamorphic  and  granitic ;  the  strata  being  divided  by 
him  into  a  superior  clay-slate  group  resting  upon  an  inferior 
quartzitic  formation ;  and  from  his  section  it  is  seen  that  all  the  gold- 
fields  occur  immediately  on  the  point  where  these  rocks  have  been 
violently  disturbed  and  form  anticlinals,  from  which  it  may  not  un- 
reasonably be  inferred  that  the  introduction  of  the  gold  is  in  some 
way  connected  with  the  appearance  of  the  eruptive  granitic  rocks. 

Gold  has  also  been  found  in  the  alluvium  in  minor  quantities,  but 
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the  futnre  of  Nova  Scotian  gold-mining  is  oonaderad  to  iepol 
entirely  upon  following  down  the  auriferons  quartz  lodei  in  dqA; 
and,  as  far  as  yet  proved,  the  promises  are  encouraging. 

The  present  system  of  working  the  mines,  crushing  ud  al- 
gamating  the  gold  quartz,  are  described,  and  considerable  infomlii 
calculated  to  be  of  service  to  the  adventurer  is  given,  wbiht  tM 
end  of  the  work  several  extensive  tabular  statements  showing  ik 
mines  in  exploration,  produce,  cost  of  extraction,  etc.,  are  gn* 
which  mast  have  cost  considerable  labour  in  compiling.  The  pHSi 
mining  laws  of  Nova  Scotia  are  given  as  an  appendix. 


ni.— A  System  or  Minebalogt.  Descriptive  Mineralogy,  oo» 
prising  the  most  recent  discoveries.  By  James  D.  Disi  ni 
George  J.  Bacso.  Fifth  edition.  Rewritten  and  enlarged,  ni 
illustrated  with  upwards  of  600  woodcuts.  8vo.  pp.  827.  LonduiT 
Triibner  and  Co.,  18G8. 

BY  the  publication  of  a  new  edition  of  hia  ^rork.  Professor  Dm 
has  rendered  an  essential  service  to  the  student  of  minenJo^* 
This  science  has  made  great  progress  during  the  long  interval  wbidi 
has  elapsed  since  the  last  edition  was  published  (1854).  Ghemicil 
researches  haVo  been  carried  forward  in  connection  with  almoik 
every  species,  and  analyses  have  been  largely  multiplied ;  ciystallo- 
graphic  investigations  also  have  been  numerous  and  important 
Moreover,  the  num])cr  of  species  has  been  much  enlarged,  and,  in 
addition,  a  systematic  recognition  and  description  of  the  t»an>/i«of 
species,  and  the  original  locality  of  each  is  also  given.  The  number 
of  species  described  is  834,  including  tlie  Hydro-carbon  compounds, 
and  those  of  uncertain  place  in  the  system.  To  this  is  ap|)ended 
a  supplement  containing  additional  facts  and  notices  (104)  of  im- 
perfectly known,  of  recently  described,  or  new  species  which  came  to 
hand  too  late  for  insertion  in  their  proper  place  in  the  volume. 
A  very  useful  and  important  feature  of  the  work  is  the  list  of 
sjTionyras  of  each  species,  arranged  in  chronological  onlcr,  with 
the  date  of  all  publications  cited,  thus  rendering  this  treatise,  to 
some  extent,  an  account  of  ancient  as  well  as  modem  minerals. 
Tliese  historical  researches  evince  on  the  part  of  the  author  an 
amount  of  labour  which  few  would  be  willing  to  undergo,  and  for 
which  we  are  deeply  indebted  to  him,  although  it  has  delayed  the 
publication  of  the  work  al)out  a  year. 

Nor  is  this  all  the  industry  bestowed  upon  the  work.  Professor 
Dana  states  that  "  not  a  page,  and  scarcely  a  paragraph,  of  the  pre- 
ceding edition  remains  unaltered,  and  full  five-sixths  of  the  volume 
have  been  printed  from  manuscript  copy.  Neither  the  consultation 
of  original  authorities,  the  drawing  of  conclusions,  nor  the  putting 
the  results  on  paper  have  been  delegated  to  another."  In  this  re- 
mark the  paragraphs  on  the  pyrognostic  characters  are  exoepte  \ ;  for 
iKwe^  as  well  as  other  assistance  in  the  preparation  of  the  work,  the 
author  owes  much  to  the  friendly  co-operation  of  Professor  G.  J.  Brush, 
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^"whose  skill  in  analytical  chemistry  and  thorough  knowledge  of  mine- 

'  3ral8  have  enabled  him  to  afford  aid  and  adyice,  as  well  aa  fanuah  new 

^:fiKst8  on  yarious  points  during  the  progress  of  the  work.    The  pyrog- 

sostio  characters  have  been  entirely  rewritten  by  him, — ^personal 

isrials  of  the  blowpipe  and  other  reactions  haying  been  made  for  the. 

larger  part  of  the  species  before  writing  them  out* 

Mineralogy  is  a  science  which,  unfortunately  for  the  student,  yaries 

considerably  in  the  classification  of  its  objects,  according  to  the  yiews 

.of  each  writer  or  curator,  whether  it  be  in  a  descriptiye  treatise  or 

the  arrangement  of  a  museum.     Various,  indeed,  haye  been  the 

olassificatory  systems  for  minerals,  from  that  of  Werner,  who  simply 

diyided  them  into  earths  and  stones,  salts,  metals,  and  combustibles, 

to  those  used  at  present.     Nor  is  the  same  author  always  consistent, 

for  during  the  thirty-one  years  that  haye  elapsed  since  the  first 

appearance    of  his   <' Mineralogy "   (1837),    Professor  Dana    has 

considerably  modified  his  yiews  of  the  classification  of  mineral 

species,  in  each  successiye  edition, — ^from  that  of  a  strictly  wiimaX 

arrangement  in  the  first  edition   (1837)   to  the  one  at  present 

adopted,  in  which  the  geiteral  system  of  classificatioit  remams  on** 

altered  from  that  of  the  fourth  edition  (1854),  showing  that  he 

eyinces  no  ayersion  to  change  when  the  progress  of  science  requires 

it.     This  system  is  based  on  a  comprehensiye  yiew  of  the  (diaracters 

of  mineral  species,  the  pre-eminence  being  giyen  to  chemical,  the 

next  place  to  crystallographic,  the  third  to  the  different  physical 

characters.     The  following  are  the  general  subdiyisions  adopted  in 

the  descriptive  portion  of  the  work  :^— 

I.  Native  Elements. 
II.  Solphids,  TcUuridB,  Selenids^  Anenidfi,  Antimooids,  BiBmuthids.. 
III.  Compound3  of  Chlorine,  Bromine,  lodme. 
rV.  Fluorine  Compounds.. 
V.  Oxygen  Compounds. 

I.  Binary  Oxygen  Compounds, 

(1)  Oxyds  of  Elements  of  Series  I. ;    (2)  Of  i&e  Anenie  and 
Sulphur  Grroups ;  (3)  Of  the  Carbon-SUioon  Group. 
II.  Ternary  Oxygen  Compounds. 

Ir  Silicates,  A.  Anhydrous  Silicates. 

(1)  tJnisiUcates ;  (2)  BisiHcates;  (3)  SubsiUcates. 

B.  Hydrous  Silicates. 

(1)   Hydrous  Silicates  Section ;  (2)  Zeolite  Section ; 
(3)  Margarophyllite  Section. 

.    2.  Tantalates,  Columbates. 

3.  Phosphates.  Arsenates,  Antimonates. 

4.  Borates. 

5.  Tungstatcs,  Molybdates,  Vanadates. 

6.  Chromates,  Sulphates,  ToUurates. 

7.  Carbonates. 

8.  Oxalates. 
VI.  Hydrocarbon  Compounds. 

It  is  to  be  regretted  that  the  author  has  not  giyen  the  old  and  new 
notation  formulaB  under  each  mineral  species,  in  order  to  meet  the 
requirements  of  the  present  transitional  state  of  Chemiccd  science. 

The  formulae  K,0  and  Na,0  (page  xvi.)  giyen  to  Folash  and 
Soda  may  be,  perhaps,  attributed  to  a  slip  of  the  pen,  or  to  the  con- 
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fusion  of  mind  which  we  have  found  to  be  the  frequent  leBoli  ol 
few  hours  work  at  comparing  old  with  xl&w  formoliB. 

In  the  description  of  species,  the  characteristics  fire  mentioi 
in  the  following  order: — 1,  Crystalline  form  and  stractnre; 
hardness,  specific  gravity,  lustre,  colour,  dlaphenity ;  3,  TiriH 
and  chemical  composition ;  4,  Pyrognostio  and  chemical  chancte 
5,  (Geological  position,  localities,  mineral  associates;  6,  ilte 
forms ;  7,  artificial  and  furnace  products. 

The  introduction,  although  too  brief,  contains  a  useful  and 
planatory  section  in  chemistry,  one  on  crystallography,  anotfaa 
nomenclature,  embodying  some  very  interesting  remarks  on 
naming  of  mineral  species,  and  the  want  of  conformity  in  the  eys 
of  nomenclature.  In  order  to  render  the  work  more  uniform,  ] 
fessor  Dana  has  proposed  that  the  names  of  species  should  \ssi 
far  as  possible,  the  termination  of  i^,  and  has  accordingly  chai 
a  number  of  the  names  in  the  course  of  this  volume. 

This  plan,  however  good  in  itself,  is  open  to  the  same  objec 
that  applies  to  the  alteration  of  the  established  nomenclature  in 
other  branch  of  science,  namely,  that  of  creating  confusion  instea 
order:  for  when  a  name  becomes  well  known  and  genei 
adopted,  nothing  but  mischief  can  result  from  changing  it. 
termination  here  proposed,  moreover,  has  no  definite  meaning 
that  conveyed  by  the  chemical  terminations  "  ite "  and  "  i 
"lodite"  is  changed  into  "lodyrite,"  (p.  117)  ;  "  Haiivne" 
"Haiiynite,"  (p.  ;332)  ;  "Nosean"  into  "  Nosite,"  (p.  35 
"  Leucophano "  into  *'  Leucopliauite,"  (p.  260)  ;  Common  Sal 
changed  into  "Halite,"  (p.  112)  ;and  "  Blende"  into  "Sphaler 
(p.  48).  No  mineralogist,  during  the  last  twenty-five  years, 
ever  thought  of  applying  the  name  "Blende"  to  anything  but 
phide  of  zinc,  and  we  cannot,  therefore,  think  this  a  good  alterat 
The  name  "  Pitch-blendo,"  very  properly  abolished,  is  replace<3 
"  Uraninito  "  (p.  lo-l),  but  the  name  selected  as  a  substitute  is  un 
tunate,  for  it  is  sure  to  be  confounded  with  **  Uranito,"  a  ^ 
known  name  for  "  Torbemite,"  a  very  different  mineral.  "  1 
oxene  "  is  retained  instead  of  "  Augite,"  (p.  212) ;  the  latter  n; 
being  considered  as  only  entitled  to  be  used  for  owe  of  its  varietie 
"  Sal-ammoniac,"  (p.  114)  a  bad  name,  is  retained ;  wher 
according  to  Dr.  Dana's  rule,  it  ought  to  have  been  changed 
some  more  definite  mineralogical  term ;  "  Salmiac  "  has  long  1: 
its  mineralogical  name.  We  must  also  protest  against  the  n; 
"  Niccolite,"  (page  60).  The  derivation  of  names  from  **dog-Lat 
is  excusable  from  no  point  of  view  that  we  can  find. 

We  could  multiply  these  cases  considerably,  but  what  we 
anxious  to  point  out  is,  that  such  changes  as  we  have  referred 
always  objectionable,  become    more  so  when    apparently  app 
capriciously,  and  especially  in  cases  where  no  rule  can  be  gener; 
adopted. 

A  far  more  objectionable  change  to  English  chemists  and  mine 
ogists,  is  that  of  oxide,  sulphide,  fluoride,  etc.,  into  oxid,  sulpl 
ttid  fluorid.     Beady  as  we  are  to  express  our  thanks  to  Dr.  Dana 
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hiB  teachings  in  mineralogy,  we  must  enter  our  protest  against  the 
introduction  of  a  termination  disallowed  by  all  Eoropeeoi  chemists, 

A  valuable  bibliography  completes  the  Introduction,  containing 
the  titles  of  about  300  works,  memoirs,  and  papers,  which  are 
xeferred  to  in  the  following  pages. 

In  congratulating  our  readers  on  the  appearance  of  this  standard 
work  of  reference,  which  has  been  posted  up,  as  far  as  was  possible, 
to  the  date  of  publication,  we  cannot  but  again  notice  the  untiring 
energy  and  zeal  of  the  veteran  author,  who,  amidst  his  laborious  task.. 
has  not  failed  fully  to  acknowledge  the  assistance  and  obligations  he 
is  under  to  the  various  men  of  science  during  the  preparation  of  this 
work. 


rV. — An  Essay  on  the  Geolooy  of  Cumberland  and  West- 
moreland. By  Henry  Alleyne  Nicholson,  D.Sc.,  M.B.,  F.Q.S. 
8vo.  pp.  93.     1868.     London :  Eobert  Hardwicke. 

THE  author,  in  a  short  preface,  teUs  us  the  origin  and  scope  of  the 
Essay  which  he  has  now  given  to  the  world.  It  is  an  Edin- 
burgh University  Prize  Essay  of  1867,  with  additions  and  corrections. 
It  proposes  to  give  a  sketch  of  the  Geology  of  the  Lake  District, 
both  from  the  author's  own  observations,  and  from  the  works  of  pre- 
vious writers,  whose  statements  the  author  has  in  most  cases  verified. 
The  work  is  carefully  done,  and  the  essay  forms  a  manual  which 
should  be  in  the  hands  of  every  one  interested  in  the  structure  of 
the  Lake  Country,  and  indeed  of  every  student  of  Silurian  Geology. 

In  the  introduction,  the  author  describes  the  general  structure  of 
the  district,  and  enumerates  the  formations  which  occur  within  it, 
pointing  out  their  equivalents  in  other  parts  of  the  country.  Here 
some  of  his  general  conclusions  as  to  the  absence  of  certain  groups 
depend  upon  this  identification,  which,  in  the  more  detailed  descrip- 
tion which  follows  his  introduction,  it  will  be  seen  is  not  un- 
questioned. 

The  Lake  District  seems  to  have  formed  an  island,  during  the 
earlier  part  at  least  of  many  great  submergences.  Our  author 
says  (p.  6),  "Near  the  close  of  the  Devonian  Epoch  the  land  again 
commenced  to  sink  beneath  the  sea.  The  subsidence,  however,  was 
not  sufficient  to  submerge  the  more  elevated  portions  of  the  Silurian 
area."  And  further  on  (p.  8),  he  speaks  of  **  a  steady  depression  of 
the  sea-bottom,  which  lasted  till  the  close  of  the  Permian  Epoch, 
without  ever  attaining  to  any  great  intensity,  since  most  of  the  Per- 
mian strata  show  signs  of  having  been  deposited  in  seas  of  no  great 
depth."  And  again,  (p.  9) — "During  the  Glacial  Epoch,  the 
central  and  higher  portions  of  the  Lake  District  appear  to  have 
escaped  submergence." 

This  may  bo  so ;  but  when  we  remember  the  enormous  thick- 
ness of  the  Carboniferous  deposits  in  Lancashire,  and  see  that  the 
lower  beds  only  of  the  series  abut  against  the  mountains  of  the 
north,  we  ask  what  prevented  the  flow  of  the  later  Carboniferous  sea 
over  the  Lake  Mountains:  if  they  were  then  anything  like  what 
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they  are  now,  and  similarlj  in  the  case  of  the  Fermiin.  wirt' 
have  some  explanation  why  a  deposit^  estimated  at  8000  feet, ki' 
valley  bounded  by  hills  between  20OO  and  3000  feet  odj.U 
not  have  extended  over  those  hills,  unless  the  Lake  Mooiii 
were  at  least  5000  feet  higher  relatively  io  the  pre$eni  Im  i^ 
Permian,  Moreover,  if  the  Carbon iferoiis  deposits  never  eitaU 
over  the  Lake  Mountains,  the  Permian  conglomerates  Bhooldooriii 
more  Silurian  fragments. 

On  tlie  whole,  tlie  evidence  rather  goes  to  show  that  the  ObW' 
ferous  deposits  did  extend  over  the  Laike  XKstricty  and  the  Perai 
was  only  prevented  from  resting  on  the  Silurian  Bodes  also,  heam 
the  Carboniferous  intervened.     We  have,  however^  the  faci  thii'i 
the  north-west  of  England,  there  was  from  a  very  early  peiiods 
irregular  l>oss  of  old  rocks  which  affected  original  depoaition  ni 
Bul)80(][ucnt  denudation. 

It  docs  not  seem  clear  why  the  author  objects  to  **  the  theory  dtf 
the  older  rocks  of  the  Lake  District  have  been  raised  along  aniffi 
of  elevation  running  across  the  district  in  an  E.N-E.  and  W5.W. 
direction,"   (p.  2).     This  is  only  another  way  of  saying  that  tke 
older  rocks  come  up  along  a  line  running  in  the  direction  named  ud 
that  the  newer  rocks  crop  out  in  order  on  the  north  and  south  of  it 
Surely  this  is  a  fact  (see  pp.  20  and  21) ;  and  moreover,  one  ^shA 
does  not  involve  any  theory  as  to  the  direction   of   the    &nlti, 
and  docs  not  imply  that  there  are  not  many  folds  parallel  to  the 
princij)al  lin(3  of  upheaval.     There  is  certainly  more  than  a   "  tin^ 
lino  of  elevation,"  and  the  group  of  mountains  can  only  be  called  » 
domo-Kbaped  mass  in  reference  to  the  general  surface-configuration. 

The  evidence  on  which  ho  grounds  his  view  that  the  Silurian  high 
ground  extended  from  the  Lake  District  to  the  Isle  of  Man,  in  Car- 
boniferous times,  does  not  seem  quite  satisfactory,  for  the  denudation 
tliat  could  have  removed  that  quantity  of  Silurian  rock  between  the 
Carboniferous  an<l  Permian  times  could  have  removed  the  same 
quantity  of  Carboniferous  strata  in  the  same  time  or  less.  It  seems 
more  probable  that  this  great  denudation  was  principally  effected  in 
the  vast  unrepresented  time  ])otween  the  close  of  the  Silurian  and  the 
commencement  of  the  Old  Red  Conglomerate  age. 

Tlie  question  of  the  faults  of  the  Lake  Country  is  one  of  great 
interest.  The  author  has  pointed  out  the  direction  and  circumstances 
of  the  princii)al  ones,  and  says  that  they  may  be  classified  in  two 
great  systems  according  to  their  direction  and  ago.  Faults  from  the 
nature  of  the  case  are  difficult  lines  to  draw,  except  where  rocks  of  a 
different  character  are  thrown  together.  As  the  author  has  pointed 
out  at  the  end  of  his  introduction,  the  smashed  rock  was  a  line  of 
weakness  along  which  rivers,  glaciers,  and  all  denuding  agents  have 
worked.  Hence  great  faults  generally  coincide  with  valleys,  and 
are  covered  up  by  drift  and  alluvium.  The  author  has,  perhaps, 
generalized  too  for  with  the  data  in  his  possession.  For  instance, 
the  Craven  and  Penino  faults  are  not  each  of  them  one  great  fault, 
but  a  set  of  nearly  parallel  faults  of  various  age,  the  downthrow  of 
some  being  on  one  side,  of  others  on  the  other.    One  of  the  Craven 
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^  fitnlts  is  evidently  pre-Carboniferous.  The  Lone- valley  faults  are  a 
ap  great  set  (there  are,  at  least,  four  seen  in  section)  connecting  the 
!;}  Graven  and  Penine  faults,  and  as  those  are  of  various  downthrow 
s:  and  age,  so  these  connecting  faults,  though  by  direction  to  be  re- 
y  ferred  to  the  N.  and  S.  system,  are,  in  all  probability,  of  various 
»  downthrow  and  age.  In  all  these  great  sets  of  faults  it  will  be 
r    found  the  rule,  and  not  "  a  rare  phenomenon,  to  have  the  upthrow 

side not  entirely  removed  by  subsequent  denudation  "  (see 

p.  12). 

The  author  then  proceeds  to  describe  in  greater  detail  the  various 
formations,  commencing  with  the  lowest,  the  Skiddaw  Slates.  Prof. 
Harkness  and  Dr.  Nicholson  have  given  much  time  to  the  working 
out  of  this  set  of  rocks,  and,  from  their  fossils,  refer  them  to  the 
lilandeilo  series.  They  consist  of  slates  and  shales,  with  harder, 
more  gritty  beds  here  and  There.  There  are  few  fossils,  but  Grap- 
tolites.  Dr.  Nicholson  has,  however,  paid  particular  attention  to 
those  organisms,  and  is  the  author  of  several  valuable  papers  on  the 
subject.  The  Skiddaw  Slates  can  be  traced  through  flie  Isle  of 
Man,  and  seem  to  be  represented,  in  part,  in  North  Wales  by  the 
Arenig  group. 

He  expresses  a  doubt  as  to  whether  the  Green  Slates  and  Por- 
phyry are  conformable  on  the  Skiddaw  Slates.  Certainly  the  very 
marked  and  sudden  change  in  lithological  character  from  soft  slates 
to  hard  felspathic  schists,  grits,  etc.,  would  suggest  a  break  of  some 
kind,  and  the  occurrence  of  fragments  like  Skiddaw  Slate  in  the 
overlying  breccias  confirm  this,  as  they  show  that  the  beds  from 
which  they  were  derived  were  hardened,  upheaved,  and  denuded 
before  the  formation  of  the  breccias  ;  but  the  identification  of  a  piece 
of  slate  must  be  very  doubtful,  and  therefore  we  may  say  that  we 
have  yet  no  data  sufficient  for  the  determination  of  this  point.  The 
uniform  character  of  the  Skiddaw  Slates  over  a  very  large  area  shows 
that  this  is  no  mere  local  change,  due  to  shifting  currents,  but  must 
be  referred  to  some  of  those  wide-spread  changes  which  influenced  the 
great  differences  in  successive  geological  formations  and  the  life  of 
the  period.  Our  autlior  describes  the  Green  Slates  and  Porphyry  as 
a  vast  series  of  bedded  greenish-grey  felspathic  ashes  or  breccia 
with  interbeddod  porphyries,  and  states  that  characteristic  Bala 
fossils  occur  in  flaggy  shales  or  hard  grits  near  the  top.  It  may  be 
open  to  question  whether  these  fossiliferous  bands  should  be  brcK^keted 
with  the  Green  Slate  series  or  with  the  overlying  Bala  Limestone 
group.  The  district  under  the  Penine  range,  in  which  they  seem  to 
to  occur  lower  down  in  the  series,  as  described  by  Prof.  Hturkness,  is 
so  tremendously  faulted  and  masked  by  drift,  that  it  is  not  safe  to 
infer  that  the  section  is  complete  between  the  points  where  only 
these  fossil  bands  have  been  found.  For  the  solution  of  this  ques- 
tion also  we  must  wait  for  further  evidence. 

It  has  often  been  objected  to  some  of  our  older  terms,  such  as 
greywacke,  schist,  etc.,  that  they  are  too  indefinite.  Perhaps  it  is  a 
greater  mistake  to  use  terms  too  strictly  defined  in  investigating  im- 
perfectly understood  formations.     Such  terms  as  Porphyry  and  Ash- 
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beds  often  imply  too  much.  Some  general  term  for  rocks  of  t  pit 
phyritic  structure,  li^-ithout  reference  to  their  mineral  compoeitioD,  ai 
for  those  ash-like  beds  which  gi-aduate  into  a  breccia  on  the  <v 
hand,  or  gritty  sandstones,  etc.,  on  the  other,  iBvithoat  involTing  u; 
theory  as  to  their  origin,  would  be  safer  and  very  useful  as  en^iliBg 
a  field  geologist  to  state  what  he  actually  saw  and  no  more. 

There  are  two  points  of  view  from  which  we  may  appioadi  da 
study  of  the  Igneous  and  Metamorphic  rocks, — 1st.  Their  stiiB- 
graphical  relations,  i.e.  tlieir  behaviour  as  rock>masses,  their  lie  irdk 
relation  to  the  strike  of  the  beds  among  which  they  occur,  their 
variation  in  general  structure,  and  the  alteration  of  the  neighhonnug 
rocks ;  and  2ndly.  llieir  mineral  and  chemical  composition. 

Our  autlior  has  chiefly  confined  himself  to  the  former  and  remaib 
(p.  40)  that  all  the  various  granite-masses  of  Cumberland  and  West- 
moreland are  strictly  confined  to  the  Green  Slates  and  Porphyria 
Then,  pointing  out  that  this  series  consists  almost  entirely  of  fels* 
juithie  ashes  and  breccias,  with  intorbedded  porphyries,  suggests  that 
the  fact  that  the  granite  occurs  always  among  rocks  which  themselves 
show  evidence  of  volcanic  activity  during  the  perio<l  of  their  deposi- 
tion, may  tlirow  some  light  upon  the  origin  of  granite.  From  what 
follows  we  see  that  he  implies  that  the  igneous  action  which  caused 
the  volcanic  outbursts,  to  which  he  refers  the  ash-beds  and  porphyries, 
caused  later  on  in  tlie  same  area  the  intrusion  of  granitic  masses. 

Mr.  Marshall  in  an  able  paper  read  before  the  British  Association 
(18oS.  ]».  84:)  has  pn^j^ounded  another  view.  He  holds  that  there 
was  a  j^iven  (not  a  necessarily  uniform)  depth  at  which  the  internal 
heat  of  the  earth  was  sufficient  to  alter  or  even  fuse  rocks  of  a  certain 
mineral  character ;  that  in  the  imequal  depressions  to  which  the 
rocks  of  the  Lake  Country  were  subjected,  owing  to  the  crumpling 
up  of  the  beds,  various  parts  of  the  series  were  carried  l>elow  that 
horizon  and  altered  more  or  less  accordingly ;  that  the  granite  re- 
presents the  extreme  of  this  metamoqjhism. 

Dr.  Nicholson  points  out  the  passage  from  the  granite  into  the 
felspatliic  beds  in  wliich  it  occurs,  and  speaks  of  the  alteration  of  that 
part  of  tlie  granite  wliiuh  is  in  contact  with  the  sedimentiiry  nx^ki. 
By  this,  we  suppose,  he  means  that  the  more  sudden  rate  of  cowling 
of  the  outside  of  the  mass,  owing  to  the  lower  temperatuit)  of  the 
sedimentary  rocks  with  which  it  was  brought  in  contact,  has  caused 
the  granite  to  crystallise  there  in  a  rather  difterent  manner. 
Obviously  this  fact  of  the  passage  from  the  granite  to  tlie  sc<limeutary 
rock  is  as  easily  explained  on  Mr.  Marshall's  view. 

One  point  seems  often  to  come  out  from  a  careful  examination  of  a 
granitic  mass,  llie  gi-^inite  seems  to  replace  a  certain  jwrtion  of  the 
sedimentary  strata,  and  not  to  displace  them,  leaving  them  pushed 
out  on  all  sides.  If  wo  suppose  the  intruded  rock  to  eat  its  way  into 
the  sedimentarj'  strata,  assimilating  portions  of  it,  we  allow  a  good 
deal  of  what  is  asked  by  those  who  hold  the  metamorphic  origin  of 
granitic  rocks,  f,c.,  the  possil>ility  of  changing  a  sedimentary  into  a 
granitoid  rock.  Tlie  advocates  of  that  theory  may  take  their  stand 
upon  the  assimilated  portion,  and  ask  is  it  the  heat  of  the  intruded 
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c:  mass,  or  the  new  conditions  under  which  the  minerals  have  been 
.'£  brought  into  contact  with  the  sedimentary  rock,  which  has  produced 
:  the  change,  and  then  point  out  that  both  the  one  and  the  other  may 
:     be  obtained  by  a  sufficient  depression  of  the  sedimentary  rocks. 

The  author  next  describes  the  Coniston  Limestone,  which  consists 
of  dark  greyish  blue  slates  and  shales,  with  bands  and  beds  of  impure 
limestone  of  varying  thickness  and  irregular  occurrence.  It  ap- 
parently overlies  the  Green  Slates  and  Porphyry  conformably,  with 
beds  of  rather  an  intermediate  character  between ;  but  as  the  passage 
beds  consist  in  a  great  measure  of  soft  slates,  the  junction  is  mostly 
obscured.  This  formation  is  universally  allowed  to  be  the  equivalent 
of  the  Bala  Limestone. 

There  is  considerable  difference  of  opinion,  however,  as  to  where 
we  should  draw  the  line  between  these  Bala  beds  and  the  overlying 
Coniston  Flags  and  Grits.  Professor  Sedgwick  published,  as  the 
result  of  his  original  field  work,  the  view  that  the  Flags  and  Grits 
were  the  commencement  of  an  entirely  different  group,  and  if  we 
look  at  Pro£  Ramsay's  (Geological  map  of  England  and  Wales,  we  shall 
see  how  naturally  the  sweep  of  the  Denbighshire  Flags  and  Grits 
resting,  as  first  shown  by  Professor  Sedgwick,  unconformably  upon 
the  Bala  beds  in  North  Wales,  would,  if  prolonged,  include  the 
mass  of  Coniston  Flags  and  Grits  in  the  Lake  District ;  while  the 
general  character  of  the  Flags  and  Grits  is  so  similar  in  both  cases 
that  there  is  much  to  suggest  that  the  Coniston  Flags  and  Grits  bear 
the  same  relation  to  the  Coniston  Limestone  that  the  Denbighshire 
Flags  and  Grits  do  to  the  Bala  Limestone.  Prof.  Harkness  and  Dr. 
Nicholson  include  the  Flags  and  Grits  with  the  Coniston  Limestone 
in  the  Lower  Silurian,  and  consider  them  as  higher  beds  of  the  Lower 
Silurian  series  than  any  exposed  in  Wales.  One  of  the  officers  of  the 
Greological  Survey,  wishing  to  have  the  question  discussed  by  those 
acquainted  with  the  district,  has,  with  the  permission  of  the  Director 
of  the  Survey,  anticipated  their  official  publications  to  point  out  in  a 
paper  in  this  Magazine,  that  the  result  of  his  mapping  as  far  as  it 
went,  tended  to  show  that  the  original  classification  of  Professor 
Sedgwick  was  right.     (Geol.  Mag.,  1867,  Vol  IV.,  p.  346.) 

This  makes  a  difference  ofi  at  least,  6,000  feet  in  the  position  of 
the  base  of  tlie  Upper  Silurian  rocks.  It  will  appear,  at  once,  from 
the  statement  of  the  points  at  issue,  by  Dr.  Nicholson,  that  we  re- 
quire more  evidence  as  to  the  stratigraphical  relations  of  the  beds 
at  the  base  of  the  flags  before  we  can  consider  the  question  settled. 
It  seems  most  improbable  that  the  fossils  in  the  two  lists,  given  on 
p.  62,  can  have  come  from  the  same  beds. 

The  Coniston  Grits  pass  up  very  gradually  into  slaty  and  flaggy 
beds,  to  a  part  of  which  the  name  Bannisdale  Slate  has  been  given ; 
and,  although  they  are,  undoubtedly,  only  part  of  the  Coniston  Grit 
series,  they  form  a  division  as  useful  and  as  marked  as  the  Flags  into 
which  the  Coniston  Grits  pass  down.  Our  author,  having  shown 
that  in  some  cases  what  were  supposed  to  be  flaggy  beds  above  the 
Coniston  Grit,  are,  in  reality,  only  the  Coniston  Flags,  repeated  by 
faults  or  folds,  drops  the  Bannisdale  Slates  altogether;  but  there 
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is  no  doabt  that  we  have  certain  flaggy  beds  at  the  top  of  the  Gii 
with  few  fossils  (Orthoceratitea,  Graptolites,  etc.),  tiic  rdstknt 
which  to  the  lowest  fossil-bearing  Lu^ow  rocks  has  yet  to  be  stfi 
factorily  made  out. 

The  author  liaving  noticed  the  two  divisions  of  the  Ludlow  Bod 
proceeds  to  point  out  that  the  highest  Silurian  Rocks  seen  in  d 
Jjake  Country  are  the  Flaggy  Grits  of  Benson  Knot  and  Eiiti 
Lonsdale.  Above  these  there  is  an  enormons  break,  perh^t 
greatoRt  of  wliich  wo  have  stratigraphical  evidence  in  die  vki 
geological  series.  The  Silurian  rocks  were  cmmpled  up,  clesTi 
heaved  up  into  dry  land,  valleys  were  scooped  ont,  and  then  the  ( 
Ued  Conglomerate  washed  into  those  valleys  ;  hence  it  is  nowfoi 
only  in  patches  and  pockets.  Clearly  this  has  nothing  to  do  ▼ 
tlie  red  shales  and  sandstones  which  elsewhere  succeed  the  Lodli 
rocks  conformably.  As  the  Carboniferous  sea  crept  on,  these  a 
glomerates  were  overlain  by  other  beds,  either  partly  derived  fr 
the  same  source  as  the  conglomerates,  or  perhaps,  partly  compoi 
of  those  con^^lomcrates  re-sorted.  In  these  plant-remains  have  b< 
found  by  Dr.  Nicholson.  It  would,  perhaps,  be  better  not  to  c 
these  top  beds  Old  Red  Sandstone.  They  are  evidently  a  kind 
Basement  Bed  to  the  Carboniferous  Limestone,  and  should  the  mas 
of  conglomerate  tuni  out  to  bo  subaerial,  it  will  be  found  to  h 
complicated  the  question  to  have  assumed  that  these  plant-beari 
beds  arc  part  and  parcel  of  the  irregularly  disposed  conglomerate 

Our  Jinthor  then  gives  a  short  r^sumd  of  what  has  been  done  in  ' 
C'ar])onit*erous  series,  and  passes  on  to  a  more  detailed  examinati 
of  tho  I'cnnian  Kocks.  The  classification  adopted  is  that  of  P 
fessor  Harkness,  whose  views  on  the  Greology  of  the  Lake  Coun 
generally,  we  may  gather,  agree  on  all  important  points  with  th< 
exproBscd  in  this  Essay. 

Tlio   rerniian   Kocks  are  divided  into  three  parts.     The  Lot' 
Permian  consists  of  a  great  but  irregular  mass  of  breccia  or  c< 
glomerate,  succeeded  by  light  red  sandstones,  and  these  again 
otlior  breccias  of  a  rather  different  diameter  from  those  below. 

Tho  Middle  Permian  consists  of  thin-bedded  sandstones  of  varic 
colours  and  marly  shales  with  plants,  succeeded  by  impure  magnesi 
limestones  and  sandstones,  above  which  come  a  set  of  red  laminal 
clays. 

Tho  plants  of  the  Middle  Permian  are  very  interestii 
"  Though  tolerably  plentiful  individually,  they  belong  to  few  gem 
and  species,  and  they  have  a  decided  Permian  facies,  being  speci 
cally  distinct  from  any  true  Coal-plants.  It  is  worthy  of  rema 
that  the  Conifera3  now  first  produce  true  cones,  thus  differing  fn 
tlie  *  taxoid,'  or  berry-bearing  forms  of  the  Carboniferous  Epocl 
p.  87. 

Tho  Upper  Permian  consists  of  dark  red  fine-grained  sandston 
separated  by  courses  of  red  shale.  These  beds  were  shown  by  1 
Itoderick  Murchison  and  Professor  Harkness  to  succeed  the  Mid< 
Permian  conformably  and  to  pass  into  them,  and  on  this  gn>u 
they  are  grouped  with  the  Permian  rather  than  with  the   Tri 
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This  was  a  difficult  point  to  work  out,  as  the  eyidence  of  their  posi- 
tion is  not  very  clear,  and  their  lithological  character  not  yery 
different  from  the  nearest  Trias  beds. 

It  is  a  remarkable  fact  that  the  Limestone  conglomerate  of  St 
Bees  is  said  to  be  the  equivalent,  not  of  the  breocia  or  conglomerate 
which  forms  the  base  of  the  Permian  near  Penrith,  but  of  that 
which  comes  at  the  top  of  the  Lower  Permian.  If  this  is  due 
to  the  gradual  and  unequal  submergence  of  the  land,  the  St.  Bees 
area  being  the  latest  down,  we  ought,  if  we  could  trace  the  deposits 
of  the  receding  shore,  to  find  the  lower  breccia  creeping  up  in 
patches  to  join  the  higher  at  the  expense  of  the  intermediate  finer 
formation. 

The  author  concludes  with  a  notice  of  the  occurrence  of  Trias  and 
Lias  in  the  north  of  Cumberland. 

On  the  whole  the  essay,  with  its  full  lists  of  fossils  and  descrip- 
tions of  many  new  forms,  is  a  very  valuable  contribution  to  geo- 
logy ;  but  the  author  describes  a  large  and  varied  district,  where  many 
phenomena  difficult  of  explanation  occur,  and  in  which,  from  its 
peculiar  insular  conditions  at  successive  periods,  many  of  the  forma- 
tions have  peculiar  characters.  It  is  a  country  in  which  the  relation 
of  the  beds  to  one  another  and  to  similar  beds  elsewhere  can  only  be 
made  out  by  very  detailed  mapping,  sections  drawn  to  true  scale, 
and  a  careful  determination  of  the  exact  horizon  from  which  fossils 
are  obtained — a  task  sufficient  to  employ  a  large  number  of  ob- 
servers a  very  long  time. 


Address  to  the   Geological   Section  of  the  British  Associa- 
tion, Norwich,  August  19,  1868. 

By  RoBE&T  A.  C.  God  WIN- Austen,  B.A.,  F.R.S.,  etc..  President. 

THE  basin  of  the  North  Sea,  in  the  physical  changes  which  it  has 
undergone  since  the  commencement  of  the  Kainozoic  period,  is 
an  area  which  well  repays  the  study  of  the  geologist  Suffolk  and 
Norfolk,  which  geologically,  as  they  do  ethnologically,  form  one 
region,  are  part  of  the  slope  of  this  basin  on  its  western  side ;  for  the 
North-Sea  valley  is  a  true  physical  depression ;  the  whole  Secondary 
series  of  strata,  on  one  side,  dips  eastwardly  towards  it,  and  rises 
again  above  the  sea-level,  on  the  opposite  side,  in  Denmark.  It  is  a 
depresssion  which  dates  back  its  origin  to  some  distant  time  in  geo- 
logical history. 

It  is  to  this  area  that  I  propose  to  restrict  myself  in  those  obser- 
vations, which,  in  compliance  with  established  custom,  I  have  to 
make  in  opening  the  meetings  of  this  Section. 

The  North-Sea  depression,  in  its  hydrographicdl  features,  deserves 
a  passing  notice.  Compared  with  its  breadth,  its  depth  at  present 
is  exceedingly  small.  There  are  central  portions  where  there  are 
only  twelve  feet  of  water.    The  ''  Deep-water  Channel "  of   the 


470  JReports  and  Proceedings — 

clians.  which  nms  parallel  with  the  ooasts  of  Essex,  Suffolk,  ai 
Norfolk,  luis  a  maximum  depth  of  only  180  feet.  A  change  totb 
aniomit  of  vlepn^ssion  of  sea-level  would  lay  bare  the  whole  of  4 
soa-Kni  fnuii  the  coast  of  Northumberland  across  to  JutUmi 
deprossioii  of  only  120  feet  would  produce  nearly  a  like  result;  i 
now  co:ist-liue  would  in  this  case  run  from  Flamborough  Held 
Iloligohuivl  and  llolstein.  There  would  be  an  extension  of  the  gn 
Germanic  plain  noi^rly  to  our  area.  The  "  Deep-wrater  Chaimei 
alludixl  to  would  in  either  case  become  the  course  of  the  Thames  a 
its  tributaries,  till  it  found  its  way  seawards  to  the  west  of  the  6v 
Biiuk&  To  such  an  extent  would  this  small  amount  of  change 
water-level  alter  the  whole  physical  character  of  Castem  Euro] 
and  yet  this  chtuige  would  be  insignificant,  compared  with  th 
which  this  very  area  has  repeatedly  experienced.  There  is  oneotl 
feature  presvnt^.'vl  by  the  North  Sea  basin.  A  deep  submarine  troi 
has  Ihvu  tr:ioevl  at  a  mean  distance  of  about  fifty  miles  from 
cixist  line  of  Norway  ;  it  oimmences  in  the  meridian  of  Christia 
and,  ctuifonuinjr  to  the  outline  of  the  land,  goes  north  beyond  N.  \ 
60  deg.  South  of  the  Naze  of  Norway,  there  are  soundings  of  i 
wanls  of  -IK)  fathoms ;  beyond  they  are  less,  but  whether 
decrease  is  progressive  is  not  clear.  Across  the  line  of  greal 
depth  the  change  is  abru})t.  This  ciuious  feature  in  the  outline 
the  sea-binl  is  just  what  would  have  been  produced  by  the  s 
sideuco  of  the  whole  of  the  southern  portion  of  the  Scandinav 
region,  together  with  fifty  miles  of  area  around,  to  a  depth  of  60C 
7UU  foet.  There  are  good  grv>unds  for  sup^wsing  that  such  has  h 
the  proi'oss :  and  the  geological  historj'  of  the  basin  seems  to  sup 
the  precise  date  of  the  sul»sidence  in  question. 

As  a  pt)iut  in  physical  geogrjiphy,  it  was  the  depression  of 
Scandinavian  mass  along   the    line    indicated  which   produced 
channels  of  the  Skagerrach  and  the  Cattegat,  and  opened  a  co 
municatiou  from  the  North  Sea  into  the  Baltic  depression. 

Geologically,  some  of  the  later  stages  or  periods  of  the  earth's  p 
history  are  so  abundantly  illustrated  over  the  East- Anglian  area 
is  a  field  in  which  there  have  been  so  many  labourers,  as  to  whi 
too,  there  yet  remain  so  many  unsolved  points,  that  I  cannot  h< 
hoping  that  this  Section  will  follow  to  some  extent  the  example 
by  their  brethren  the  geologists  of  France,  at  their  annual  rcunii 
extraordhiatreSj  and  make  local  geology  a  prominent  subject  of  th 
deliberations  at  this  meeting. 

The  points  of  interest  alluded  to  belong  to  the  great  Kainos 
period  ;  indeed  it  is  in  this  portion  of  England  alone  that  tlie  co 
plete  sec^uence  of  change,  as  it  happened  in  this  country,  can 
followed  out ;  and  as  the  term  Kainozoic  is  what  alone  I  proiX)se 
employ,  T  would  explain  that  it  is  a  Greek  compotmd,  signifyi 
"  recent  living,"  or  indicative  of  that  general  period  of  which  i 
fauna,  in  some  proportion,  is  specifically  identical  as  to  forms,  w 
such  as  are  now  known  to  be  living  in  some  region  or  other. 

Geological  Summary, — Wonderful  as  the  progress  of  research  1 
been  during  the  last  fifty  years,  still  the  geologist  finds  hims 
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greatly  wanting,  when  he  attempts  to  sketch  out,  in  consecatiye 
order,  the  history  of  any  district,  however  limited  and  however 
simple  it  may  be.  He  may  know  that  the  Nummulitic  period  was 
subsequent  to  the  Cretaceous,  and  also  that  everywhere  an  interval  of 
time  has  separated  them ;  but  he  does  not  know,  nor  has  he  any 
means  of  ascertaining,  how  long  that  interval  was ;  and  though  he 
may  know  all  the  details  of  the  successive  conditions  of  the  thick 
series  of  depositions  exhibited  in  the  London  basin,  and  have  satisfied 
himself  of  the  great  extension  they  must  once  have  had  beyond  their 
present  area,  yet  of  the  process  by  which  so  much  has  been  removed 
he  does  not  know  anything,  nor  of  what  was  being  done  in  any  other 
region  of  the  globe  when  so  much  was  being  undone  here.  All  that 
can  be  said  is,  that  here,  in  the  south  and  east  of  England,  the 
Nummulitic  strata  were  cut  back  to  a  line  along  which  are  now 
Sudbury,  Ipswich,  and  Yarmouth,  and  that  beyond,  on  the  west  and 
north,  stretched  away  the  bare  Chalk  hills  of  Sufiblk  and  Norfolk, 
northwards  still,  into  the  wolds  of  Lincoln  and  York. 

For  our  present  outline  we  need  not  go  further  back  than  this  in 
East- Anglian  Geology  ;  at  the  time  of  the  early  marine  formations  of 
Kainozoic  age,  the  British-Islands  group  was  united,  as  a  whole,  with 
a  broad  European-continental  region. 

The  Kainozoic  formations  of  Western  Europe  have  a  striking  uni- 
formity in  their  general  history ;  those  of  Spain  and  Portugal — ^next, 
those  of  the  Bordeaux  basin  and  of  Touraine,  with  its  Breton  de- 
pendency— finally  that  of  our  North-Sea  basin,  were  all  indents  from 
the  great  Atlantic ;  and,  in  all,  the  character  of  the  fauna  is 
Atlantic.  It  is  also  noteworthy  that  in  each  of  these  southern 
and  now  dessicated  sea-basins  the  fauna  is  more  southern  than 
that  now  living  in  the  adjacent  seas,  that  the  fossil  moUusca  of 
the  Tagus  beds  present  Senegambian  relationships,  that  so,  too,  do 
those  of  the  Lower  Bordeaux  beds.  The  Upper  Bordeaux  beds  are 
southern  and  Lusitanian  in  their  fauna,  as  are  those  of  Touraine  and 
Brittany,  and  partly  so  the  older  Crag  of  Suffolk,  Belgium,  and 
Germany.  The  southern  relations  of  these  several  assemblages  grow 
weaker  from  south  to  north,  whilst  in  the  North-Sea  basin  distribu- 
tion from  another  quarter  shows  itself,  in  the  presence  of  its  many 
Transatlantic  forms.  In  this  there  is  evidence  of  a  twofold  change — 
First,  a  set  or  extension  northwards  of  a  marine  fauna  which  in  its 
recognised  forms  is  West  African,  afterwards  becoming  less  southern 
over  the  same  areas ;  such  was  the  zoological  change  which  the  lapse 
of  time  brought  with  it.  Next,  the  areas  of  these  formations  are 
first  presented  as  terrestrial  surfaces,  then  as  lateral  branches  of  the 
Atlantic,  lastly  as  laid  bare  again ;  and  this  process  seems  to  have 
proceeded  from  south  northwards.  The  comparison  of  the  whole  of 
the  fauna  of  the  Tagus  beds  with  the  whole  of  that  of  the  Bordeaux 
basin  suggests  that  the  first  had  been  wholly  laid  dry  before  the  other ; 
so  likewise  between  the  Bordeaux  basin  and  that  of  the  Loire. 

The  Crag-sea  waters  were  expelled  from  the  North-Sea  area  by 
the  rise  of  the  land  on  the  south  of  that  great  bay.  The  most 
southern  points  for  the  Crag  beds  in  Belgium  are  now  the  highest 
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above  the  sea-level ;  this  elevation  decreases  till  we  oome  to 
place,  where,  if  any  part  of  the  so-called  Norwich  Crag  or  the  FLanh 
marine  be  of  that  age,  such  cstnary  beds  most  have  been  then  muck 
in  the  same  position  as  they  are  now,  or  at  the  sea-leveL  On  evi- 
dence such  as  this,  the  North-Sea  area,  after  the  period  of  tlie  eidf 
Eainozoic  fauna  or  true  Crag,  is  seen  to  be  passing  again  to  the  eon- 
ditiou  of  terrestrial  surface. 

Tliis  old  depression  of  the  North-Sea  area,  as  had  the  other  Tertiizy 
basins,  again  became  part  of  the  general  European  land-sorfue— t 
northern  extension  of  the  Bhine  valley;  and  again  the  gedogiit 
meets  with  but  little  guidance  as  to  the  details  of  the  chronologj  of 
what  must  have  been  a  jieriod  of  vast  duration.  A  long  list  of  haid 
animals  can  be  presented  which  have  left  their  remains  here :  thit 
some  of  these  ranged  over  Central  and  Southern  Europe,  tad 
included  this  very  district  in  the  area  of  their  life-period  ii 
undoubted;  but  as  \o  how  many  of  these  co-existed,  or  to  what 
extent  they  indicate  a  successive  occupation,  is  still  an  undecided 
question. 

The  **  Forest-bed  "  of  Cromer  gives  a  glimpse  of  what  was  the 
vegetation  of  this  period ;  but  hero,  again,  it  is  more  than  probable 
that  it  must  be  taken  only  as  the  facies  of  the  flora  of  the  last  stage 
of  tori-estrial  conditions  antecedent  to  the  next  great  physical  change, 
rather  than  that  of  the  whole  period. 

Tho  wliole  mammalian  fauna,  from  the  Norfolk  Mastodon  to  the 
^lannuoth  {Elcphas  primigenituf),  seems  to  offer  itself  as  an  assem- 
blage of  the  meml)ers  of  nomad  tribes,  which  have  yet  to  be 
reduced  to  order  of  time.  The  general  condition  of  Northern  Europe 
was  torrestial  for  the  whole  of  the  Tertiary  or  Kainozoic  period; 
during  that  time  its  conditions  as  to  climate  passed  from  w^arm  to  tem- 
perate and  to  arctic.  To  its  close  belongs  the  evidence  everywhere  re- 
curring, and  at  every  level,  of  its  subaerial  glaciation  and  greater 
elevation. 

Just  as  the  Crag  and  Falun  beds  come  in  here,  on  our  East- 
Anglian  district,  and  on  the  Continent,  as  breaks  in  the  lapse  of 
Tertiary  terrestrial  conditions,  so  the  accumulations  of  the  great 
northern  submergence  como  in  as  a  second  intercalation,  only  that 
the  physical  change  in  this  case  was  greater  and  of  a  different  order. 
The  Arctic  basin  extended  itself  as  low  as  to  N.  lat.  oO  deg.  by  a  slow 
process  of  submergence  from  north  to  south. 

Again  the  northern  hemisi)here  emerged,  apj^rently,  in  a  con- 
trary direction,  or  from  south  northwards ;  again  the  agencies  of  ice 
and  snow  and  excessive  rainfall  are  exhibited,  till  again,  for  its 
general  arrangement  of  land  and  sea,  this  immediate  district  and 
England  generally  is  presented  with  the  like  relations  as  it  liad  at 
the  j>eriod  of  the  Crag-sea. 

The  general  character  and  the  order  of  change  of  the  Kainozoic  period 
admits  of  being  thus  briefly  told ;  but  when  it  is  attempted  to  follow 
it  out  in  its  details,  it  is  found  to  be  a  long  and  complicated  record. 

Over  the  whole  of  the  Eiu'opean  area,  as  yet  less  accurately  traced 
across  the  Asiatic,  very  distinct  upon  the  American  continent,  there 
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9  a  region  which  presents  broad  expanses  of  waterwom  detritus, 
ands,  and  loams,  often  placed  at  considerable  elevations  above  pre- 
ent  water-levels,  which,  from  their  superficial  extent,  has  caused 
hem  to  be  identified  with  the  component  members  of  another  de- 
ntal group  (the  Glacial  Drift)  peculiar  to  another  area,  from  which 
hey  are  distinct  as  to  conditions  and  mode  of  accumulation.  The 
onditions  indicated  are  those  of  low  winter  temperatures,  terrestrial 
mrfaces  with  a  configuration  such  as  the  same  countries  have  at 
>re8ent,  alluvial  and  fluviatile  accumulations,  indicative  of  tor- 
lential  and  periodic  rivers. 

A  line  drawn  across  the  European  area,  occasionally  on  one  side  or 
»ther  of  that  of  north  lat.  51  deg.,  defines  the  north  limit  of  all  this 
^lass  of  detrital  accumulations  of  the  Kainozoic  period ;  on  the  south 
»f  this  all  these  accumulations  have  their  limits,  and  the  souices  of 
heir  materiads  are  within  the  areas  to  which  belong  the  existing 
iver-systems  of  the  South  and  Mid-European  continent. 

North  of  this  line  the  detrital  accumulations  are  neither  local  as  to 
somposition,  nor  have  they  much  reference  to  surface  configuration, 
ilthough  such  configuration  pre-existed.  Over  this  area,  too,  are  the 
ndications  of  low  temperatures  and  broad  alluvia.  The  distribution 
)f  the  detritus  over  this  area  shows  that  the  expanse  of  water  was 
K)ntinuou8,  and  was  marine.  Over  one  area  are  the  results  of  a 
^neral  and  uniform  submergence ;  over  the  other  the  phenomena 
ire  local  and  alluvial. 

Over  the  British  and  part  of  the  European  area  there  is  a  good 
Dreak  in  Kainozoic  time  into  Praeglacial  and  Postglacial ;  by  the 
»rm  "  Glacial  "  being  signified  the  period  of  the  great  extension  of 
^he  Arctic  basin. 

This  Drift-formation,  in  one  form  or  another,  covers  the  whole 
surface  of  this  county,  from  the  sea-level  up  to  the  summits  of  the 
Chalk  hills.  We  have,  in  Norfolk,  evidence  of  submergence  to  the 
Bxtent  of  600  feet  and  upwards.  There  are  other  parts  of  this  island 
where  the  submergence  exceeded  this,  even  in  this  latitude ;  so  that 
here  the  highest  land  may  not  be  a  measure  of  the  greatest  amount 
3f  submergence.  It  was  a  time  when  the  whole  of  the  British- 
Islands  group  became  submerged,  with  the  exception  of  a  few  salient 
points ;  and,  taking  the  levels  to  be  derived  from  these  points,  to- 
gether with  the  general  character  of  the  phenomena,  we  may  accept  as 
certain  that  subaerial  glaciation,  in  all  its  varied  modes  of  action, 
had  long  been  at  work  here  prior  to  that  submergence.  The  change 
of  relative  level  was  not  sudden ;  it  proceeded  from  north  south- 
wards ;  and  it  is  in  the  north  that  the  amount  of  the  submergence 
was  the  greatest. 

The  Drift  of  Norfolk  has  good  illustrations  of  these  several  sets  of 
conditions,  and  of  the  manner  in  which  the  phenomena  of  one  period 
have  been  modified  by  conditions  which  followed.  It  has  been  well 
said  that  in  geological  history  time  is  of  no  object ;  but  in  a  geological 
address,  such  as  this,  it  has  its  claims ;  so  that  instead  of  dwelling 
at  any  length  on  the  general  condition  of  the  British  Islands  at  the 
time  of  their  greatest  submergence,  I  have  represented  on  a  map  of 
VOL.  T. — no,  LII.  iV 
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it  &zic>ther.  »ri  I'lring  the  extent  of  the  present  Arctic  buin  .map  1^ 

The  Drift-aoc-umnlaaons  of  this  ooonty  aze  exceptional  in  dkiiat 
rejcpeit,  th^   they  attain  unnsaal   thickneMes.     The  Croma  A 
which  \A  whollv  of  this  formation,  is  270  feet  in  height:  thiiiiiit 
so  much  an  in<iication  of  the  lapse  of  time  daziii^  the  sabmafofl^ 
as   the  result  of  position.     Situated  on  the   eastem   alc^  of  lb 
English  central  ana,  towards  the  yorth-Sea  depressionf  dmingAi 
fir^t  or  salja».-nal  stage,  the  form  and  slope  of  the  land  woold  fintv 
the  transfer  of  materials  downwards  and  oatirards :  in  the  wittt 
quent  staires.  the  areas  of  greater  depth  would  receive  the  gnMt 
amounts  of  the  abra<led  sp^il  of  the  land-areas  encroached  npon.    5i 
likewise   daring  the  period  of  emergence,  the  transfer  of  mini 
would  be  out¥i-a^rds.     The  most  reasonable  explanation  of  the  preoi 
shallow  condition  of  the  Xorth  Sea,  as  compared   with  its  dep^ 
when  CiCi'Uj.ie*!  by  the  Crag  sea.  is.  that  it    has   been  filled  by  tk 
ag^n^gate  4.>f  the  accumulations  of  the  Drift-period. 

The  farmer  extent  of  the  Scandinavian  region  is  of  interest  to  the 
BritL<>h  pt-ologist  during  several  periods— dnrin^  the  Glacial  peziod, 
fp'jm  the  sfioiL  that  was  drifted  from  it  and  scattered  otct  oar 
eastern  counties. 

From  early  times  this  region  was  in  the  condition  of  dry  lani 
No  lieds  of  the  age  of  the  Crag  have  been  met  with  on  its  sorfiKe; 
the  absence  of  this  formation,  which  occurs  on  the  coast  of  Denmsrt 
8ujr>:^.-jjt6  that  the  land  of  Norway  then  stood  at  a  higher  relariw 
lovt:l.  Tiiat  this  was  so  is  indicated  by  the  manner  and  extent  to 
which  tlie  surface  is  scored  by  glacial  action,  not  only  down  to  the 
present  sea-level,  but  far  below  it.  The  deep  fiords  were  occupied 
by  glaciers ;  they  passed  over  the  numerous  islands  ofif  that  coast 
which,  tix»,  are  all  scored. 

The  submarine  trough  which  contours  Norway  must  have  been 
produced  subsequentl}'  to  this  greater  elevation  of  the  region.  The 
Cnig-sca  coincided  'with  part  of  that  period  of  elevation  ;  and  its 
marginal  l^eds  in  that  quarter  lay  some  fifty  miles  or  more  from  the 
Norwegian  coast-line.  The  subsequent  depression  amounted  to  more 
than  the  depth  of  the  trough,  inasmuch  as  around  the  upper  end  of 
the  Gulf  of  Christiania,  there  occur  marine  beds  at  elevations  of  o'» 
iiSii  alK)ve  tho  sea,  indicating  a  total  change  of  level  of  at  least 
12U0  feet. 

Whatever  the  amount  of  this  fonner  elevation  of  the  Scandinavian 
land  and  the  precise  period  of  its  glaciation  may  have  been,  the  geo- 
logical phenomena  about  Christiania,  so  carefully  described  by  the 
naturalist,  M.  Sars,  show  clearly  that  tho  whole  lias  also  been  much 
below  its  present  level,  llie  phenomena,  as  a  whole,  correspond 
with  what  took  place  over  our  area,  but  they  are  so  much  more  de- 
finite that  they  deserve  brief  notice  as  part  of  the  physical  history  of 
tho  North -Sea  basin.  From  an  elevation  of  oOO  feet  down  to  300 
feet  there  is  a  succession  of  marginal  sea-lines,  with  banks  of  littoral 
and  sub-littoral  shells  (Skjcdbanker).     These  have  also  their  deeper 
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''water-beds  and  shells  (Mergelleret).  These  suooessive  lines  show 
=^'that  the  rise  of  the  lana  through  tiie  200  feet  in  question  was  at 
--intervals. 

^     The  marine  fauna  of  this  higher  sea  level  is  given  first  in  its 

^  -  littoral,  and  next  in  its  deeper- water  facies.    Taken  together,  we 

^-have  this  result — that  all  the  species  are  now  living,  that  it  is  an 

=:-  Arotio-basin  assemblage,  and  not  at  all  that  of  the  neighbonring  seas. 

^  This  is  the  ''  Glacial  fbrmation  **  series. 

-:£  Below  the  300-feet  level  there  occurs  a  belt  or  interval  150  feet 
ri  broad,  over  which  "  shell-banks  "  are  not  met  with,  below  which  a 
z  second  series  occurs.  The  shells  contained  in  these  beds  differ  from 
■■=  those  of  the  higher  series  in  being  less  arctic.  Certain  of  these 
-c  characteristic  forms  have  disappeared,  numerous  boreal  shells  have 
-£,  made  their  appearance,  together  with  forms  of  the  Lusitanian  region. 
:  Altogether  this  marine  fauna  approximates  to  that  of  the  neighbour- 
■:  ing  sects,  only  that  some  members  of  the  earlier  or  more  arctic  series 
:.    linger  on. 

The    subdivision    of  the    East-Anglian  Kainozoio  series  is  as 
'■    follows : — 

A.  Pra^lacial ;  B.  Glacial ;  C.  Postglacial. 

A.  Praglacial — Cragj  in  Suffolk,  is  a  local  agricultural  name  for 
any  sandy,  gravelly  soil;  but  the  early  geologists  and  shell-col- 
lectors soon  found  that  it  was  something  more ;  its  very  perfect 
shells  were  recognised  as  in  part  agreeing  with  those  of  the  neigh- 
bouring seas,  in  part  as  unknown  or  foreign.  Mr.  S.  Woodward,  in 
his  *  Outline  of  the  Geology  of  Norfolk,'  1833,  has  a  detailed  account 
of  this  formation.  His  own  views  are  admirable ;  the  range  of  the 
Crag  formation,  as  he  gives  it,  from  Cromer,  by  Norwich,  to  the  Suf- 
folk coast  is  nearly  exact  Nor  did  the  estuarine  character  of  the 
formation  about  Norwich  escape  him.  Apart  from  this  local  condi- 
tion, he  considered  the  Norfolk  and  Suffolk  beds  to  be  ''  decidedly 
contemporaneous.*' 

It  was  not  till  1835  that  a  subdivision  of  the  Crag  was  proposed 
by  Mr.  Charlesworth ;  and  it  was  amended  (in  1838)  by  the  follow- 
ing classification : — 

4.  Upper  Crag  of  Norfolk  and  Suffolk — 

a.  Without  mammalian  remains. 
h.  Beds  with  mammalian  remains. 

5.  Red  Crag.     150-200  species  of  marine  shells. 

6.  Coralline  Crag.     300-400  species  of  marine  shells. 

Thus  far  back  Mr.  Charlesworth  separated  the  Norwich  Crag  from 
that  of  Suffolk.  The  Red  Crag  at  Tattingstone,  Ramsholt,  and  Sud- 
boume  was  said  to  overlie  a  worn  and  uneven  surface  of  the  white 
or  Coralline ;  fix)m  this  consideration  their  relative  dates  or  ages  was 
inferred.  This  nominal  subdivision  may  be  said  to  have  been 
adopted  from  that  time  onwards  down  nearly  to  the  present 

The  Bryozoan  Crag  overlies  London  clay,  and  is  under  20  feet 
thick.  It  is  a  good  division,  because  it  is  an  indication  of  a  definite 
range  of  depths,  where  the  sea-bed  was  not  within  reach  of  surface 
distiirbance,  yet   where  the  drifting  power  was  considerable,  and 
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::•;-■:, -!.:>.  O:  sli  iL*:  wa*  .rl,jinilly  s:-  :rr:':iT*rd-  \  Ttrrrsai 
J-  r.  .;.  r.iy  \:^^x  A  it;^  I  •i-illrr  r;vi  ni.w  tW  itfent'i  »•:•  is  sad 
r^i:..:!Y.  t:.r:  Cniz  **?  Wilvn  Niie:  in  ihis  aloiie  is  ^>  b»  £}a 
sut  c*!  v^i-r*.-!.  a  zzi,!»rine-life  a^.'De.  uiidist«zrt*ed  sxii«?e  is  orizii 

'J'f-*:  Il':-i-<>^2  }>-i«  of  tL«r  vallevs  of  iLe  Stour.  •I>rwell.  and  Del* 
ti. .  i;:}i  fTf-rioiv  t..  v>nje  p'ln  vf  the  same  ^n-rral  jieri«>l  are  wbd 
T'lirT'xU'jLK  1  or  p.-riiiiuie  l^ls  aiiJ  of  the  later  stages  of  the  Crag-So 
ti.oy  ;irf:.  T«:\hX\\t:\\  to  th^  Walu>n  be-ls.  vc-ry  shallow- water  accan 
\ix\\<Aij^,  \}T*:i¥:xii\uy^  that  diag'^nal  mo-ie  of  deposit,  known  as  faL 
\/t'V\\u*j[,  indicative;  of  surface  disturbance  and  tidal  movemeo 
Aly'VC:  tljf.iii,  in  plac^.-s,  and  on  the  land  side  of  them,  are  ceits 
tni'.k  v>;:iiii»j]atioiis  of  p:*<1  coarse  sands,  which  have  iUso  beeni 
f«rr«:d  to  til*;  I{«.-il  Crag,  and  wliich  at  one  time  I  supjxised  to  rep 
M;rir  ;i  more  iiiar;^nul  sea-zone,  the  orlinary  Red  Cra^  being  tl 
c>/iidiiion  of  H'-a-btd  knoi^Ti  as  dead-shell  sand  and  gravel. 

T\ii'.  Kh»;  11 -gravel  of  Antwerp  corresponds  with  the  Red  Crag 
•Suffolk.  Additions  were  subsequently  made,  as  in  the  case  of  t 
(.'liillehfonl  Cra^  of  Prestwich.  and  the  Bridlington  Crjg. 

With  respfKjt  to  the  reco;j:nition  of  tlie  fossil  shells  of  the  Cr 
and  the  iiHO  nia<le  of  such  guides,  M.  Deshayes,  in  1S31,  projKW 
^Aiin.  doB  So.  Nat)  three  zoological  ^nips  for  the  whole  of  t 
marine  K<;rifs  of  formations  above  the  Chalk.  Of  these,  the  olde 
or  Niimniuiitic,  contains  a  marine  fauna  which  is  wholly  e.\tiui 
Tho  iniddh}  is  wliat  may  now  Ik)  termed  older  Kaiuozoic  ;  ami  it  w 
in  hin  ui)p<?r  or  modem  group,  wliich  included  the  snb-Apennine  ai 
otliir  continont'd  sea-lxjds,  that  the  whole  of  the  English  Crag  w 
inchided,  as  comprising  a  largo  proportion  of  li\'ing  forms. 

Thv  Norwich,  or  Fluvio-marhie  Crag,  the  uppermost  of  Mr.  Charh 
wortii's  claHKiiiwition,  was  for  many  years  the  subject  of  differeuc 
of  opinion,  as  to  its  value  and  distinctness  as  a  division  ;  it  liad  al 
gradually  boen  made  tc^  include  much  more  than  at  first:  any  h 
containing  cither  Mammalian  and  Molluscan  remains,  or  even  { 
ftdmixtun?  of  fivsh-  and  salt- water  mollusca,  in  any  part  of  Suffo 
and  Norfolk,  had  come  to  bo  put  down  as  the  ei^uivaleut  of  tl 
Norwich  (Vag. 

Ocm^ral  o])iniou  sooms  now  to  have  come  round  to  the  vio 
wliich  some  geologists  had  long  since  taken.     Writing  in  1865,  ^ 
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Les  Wood  states,  "  the  Norwich  Crag  is  not  geologically  distinct 
the  Red,  but  a  fluvio-marine  condition  of  the  same  period." 
establishes  this  in  an  analysis  of  the  moUuscan  fauna,  such  as 
little  doubt  as  to  this  point ;  and  the  only  criticiam  which  is 
"  is — may  it  not  have  been  an  equivalent  of  the  whole  Crag 
=-  iMribd  ?  and  may  not  the  Yar  valley  have  been  a  tributary  to  the 
-i^jng  Sea,  during  its  whole  duration  as  such  ? 

-      In  Suffolk,  the  fluvio-marine  accumulations  at  Thorpe,  near  Ald- 
.  borough,  Wangford,  and  Bulchamp,  are  considered  by  Mr.  S.  Wood 
to  be  of  the  same  age  as  that  of  Norwich. 
:;.      The  Forest-hedof  Cromer  (1824),  and  some  other  places,  to  which 
Mr.  B.  C.  Taylor  first  called  attention,  and  to  which  he  assigned  its 
3  tme  age  and  position,  is  one  of  the  most  interesting  points  in  Norfolk 
^'  geology;  it  is  the  unmistakeable  indication  of  a  terrestrial  surface, 
'  antecedent  to  the  period  of  the  '^  Glacial  Drift"  accumulations.  This 
■  -  old  land-surface,  at  Cromer,  is  exposed  at  the  sea-level ;  but  it  ex- 
tends inland,  and  has  been  met  with  at  considerable  depths  in  the 
offing. 

The  arboreal  vegetation  buried  in  these  beds  comprises  the  Norway 
mnmce,  Scotch  fir,  yew,  oak,  alder, — all  of  them  common  North- 
European  trees. 

What  the  Cromer  coast-section  demonstrates  is,  that  by  process  of 
change  of  level  a  forestial  condition  of  the  surface  had  been  brought 
down  to  the  sea-margin,  that  the  trees  had  died,  and  that  mud-de- 
poflits  had  formed,  partly  under  fresh,  partly  under  brackish  water 
lagoons. 

Subjacent  to  the  ''Forest-bed,"  and  covering  the  surface  of  the 
Ohalk,  is  a  layer  of  chalk-flints ;  a  like  accumulation  is  seen  resting 
on  the  Chalk  in  numerous  other  places,  as  in  the  sections  below  this 
city  (Holy  Cross,  Thorpe,  &c.),  and  are  all  referable  to  the  same 
agency  and  period.  The  Chalk  has  been  dissolved  away  by  the 
action  of  rain-water,  and  the  flints  left  in  situ ;  they  indicate  a  long 
period  of  subaerial  conditions,  and  their  formation  is  co-extensive 
with  the  whole  duration  of  those  conditions ;  they  are  therefore  of 
the  same  period  as  the  "  Forest-bed."  All  collectors  and  observers 
seem  now  to  be  agreed  upon  this,  that  the  Cromer  mammalian  re- 
mains are  referable  to  this  particular  surface. 

B.  Olacial. — More  recently  the  Norwich  sections  have  been  sub- 
jected to  a  closer  examination ;  and  according  to  Mr.  J.  E.  Taylor 
(1867)  these  admit  of  a  twofold  division :  the  upper  is  a  coarse  and 
rubbly  accumulation,  with  well-roimded  pebbles  of  flint ;  the  lower 
consistB  of  finer  sands.  A  band  of  white  cross-bedded  sand  inter- 
venes. Such  a  change  in  the  character  of  successive  beds  would  not, 
by  itself,  have  been  of  much  importance ;  but  zoologically  the  diffe- 
rences they  present  are  much  more  significant. 

The  fresh  and  brackish- water  forms,  which  long  since  gave  the 
Norwich  Crag  its  fluvio-marine  character,  occur  only  in  the  lower 
division;  in  this,  too,  the  proportion  of  littoral  species  of  marine 
shells  is  greater ;  and  here  also  are  found  all  those  forms  which  are 
supposed  to  be  extinct. 
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The  upper  division  has  its  peculiar  fonuB,  snch  as  Jfoilioia 
Astarte  compressa,  A,  iuleaUi,  A.  eUipHea,  Other  sheila  ire  w 
abundant  whioh  in  the  lower  are  scaioe ;  here  they  oocor  «•  if  ■ 
their  *'  life-zone,"  instead  of  as  single  T^lvee,  worn  and  liokei- 
such  as  TeUina  obliquay  Aitarte  hareaUM,  Venus  faueiaia,  (M* 
Gaemlandicim,  OypritM  iBlandica,  Bhynehoneila  ptiiiaeea. 

It  is  only  in  respect  of  one  shell  {TeUina  obUqua)  that  the  fini' 
the  wpyyer  division  have  not  been  recognized  as  living;  andiii 
respect  to  distribution,  ihe  northern  facies  of  the  upper  aoocinHip 
is  more  strongly  marked  than  that  of  the  lower ;  lasuj,  they  indiofe 
a  somewhat  greater  depth  of  water. 

Mr.  S.  Wood,  jun.,  admits  this  division;  ''the  npper  bed  atSv- 
wich,"  he  says,  "  is  the  Chillesford  shell-bed." 

CliiU^ford  Crag, — In  1849,  Mr.  Prestwidi  made  known  mm 
marine  bods  in  the  parishes  of  Iken  and  Chillesford,  either  ydkv 
sands  or  laminated  micaceous  days.  At  Iken  these  beds  are  sops' 
posed  upon  a  worn  surface  of  the  older  or  Bryozoan  Crag,  lin 
IS  no  such  direct  e^'idenoe  as  to  their  relation  to  the  Red  Crag;  Itf 
there  is  no  doubt  that  they  are  uncomformable  to  both  divisions. 

These  beds  are  in  striking  contrast  to  the  true  Crag,  in  respectfll 
their  composition  and  the  condition  of  the  shells  they  oontain;  tlNj 
were  tranquil  depositions,  the  bivalves  at  every  place  oonstantl 
exhibiting  the  two  shells  in  contact,  and  in  the  positions  in  whid 
the  animals  had  lived.  With  respect  to  this  fauna^  23  species  onl; 
were  met  with — 4  Gasterojwds  and  19  Acephala.  Mr.  S.  W(H) 
recognized  the  Arctic  character  of  the  assemblage,  and  considere 
the  bods  posterior  to  the  Eed  Crag  probably  the  equivalents  of  th 
Norwich.  The  agreement  with  the  Bridlington  Crag  was  not  ver 
close,  there  being  only  six  or  seven  species  in  common. 

Mr.  0.  Fisher,  from  a  careful  study  of  the  country  from  Orford  t 
Tliorpe,  convinced  himself  that  the  "Chillesford  Crag"  was  in  a 
intermediate  position  between  true  "Red  Crag"  and  the  **nuvic 
marine  Crag"  at  Thorpe,  near  Aldborough.  Assuming  this  to  be  c 
the  same  age  as  that  of  Norwich,  his  arrangement  is  as  followc 
opposed  to  which  are  the  results  of  Mr.  S.  Wood's  examination  o 
the  same  district  in  the  following  year : — 

0.  Fisher,  1866.  8.  Wood,  1866. 

Fluvio-marinc,  or  Norwich  Crag. 

Chillesford  Clay,  »         Chillesford  CUy. 

Mya-bed,  resting  on  /  ■' 

lied  Sands.  Fluvio-marine  Crag. 

Red  Crag. 

Differences  of  opinion  as  to  detail,  both  of  facts  and  inferenoec 
might  be  cited,  as  is  well-known  to  those  geologists  who  have  al 
tended  to  this  very  complicated  portion  of  the  geological  record 
but  thus  much  seems  to  have  been  ascertained,  that  the  so-callei 
(Jhillesford  Crag  is  rather  a  subordinate  member  of  the  marine  Glacia 
period  than  an  upper  member  of  the  Crag,  and  that  it  is  refei'able  t 
a  time  when  the  climatal  conditions,  as  indicated  by  the  marin 
moUusca,  had  undergone  a  great  change. 
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11       Bridlington  Drag  was  a  name  giyen  to  a  set  of  marine  day-beds 

j^  oocurring  at  that  place,  about  80  feet  thick ;  they  overlie  an  aocmnu- 

bi  lation  of  chalk  flints  derived  from  the  subjacent  Chalk. 

^,;       Mr.  S.  Woody  in  his  Monograph,  included  these  beds  in  the  drag, 

m  and  considered  them  the  equivalents  of  the  Norwich  Crag  (1855). 

^       I  am  not  aware  that  the  faima  of  these  beds  attracted  any  par- 

^.  ticalar  attention  till  Mr.  S.  P.  Woodward  prepared  his  general  list 

^,  of  the  Norwich  Crag  accumulations  for  Mr.  Ounn's  essay.     In  1864 

^'  he  undertook  a  fresh  examination,  not  from  lists,  as  before,  but  from 

^    original  specimens  from  Mr.  Bean's  and  Mr.  Leckenby*s  collections ; 

this  led  him  to  the  unexpected  result  that  the    Bridlington  Crag 

,     could  no  longer  be  considered  an  equivalent  of  the  Norwich  Crag. 

The  list  of  marine  testacea  had  been  increased  to  64  (or  by  more 

than  20)  ;  of  these,  85  are  met  with  in  the  Norwich  Crag,  whilst  29 

species  (or  one-half)  are  now  living  in  seas  north  of  Britain,  the 

proportion  of  Arctic  shells  in  the  Norwich  Crag  being  only  one-sixth. 

Mr.  Woodward  next  compared  the  Bridlington  fauna  with  that  of 

the  Clyde  beds  belonging  to  the  dose  of  the  ''  Glacial  period,"  and 

with  this  result,  that  they  differed  very  nearly  as  much  from  these 

as  they  did  from  the  Norwich  assemblage ;  they  must  therefore  be 

separated  from  the  Crag  series. 

The  Bridlington  testacea  are  more  indicative  of  Arctic  climatal 
conditions  than  any  assemblage  in  or  about  the  British  Islands.  As 
an  assemblage,  it  is  wholly  recent  and  living,  and  marks  a  stage  in 
the  northern  submergence  during  the  Glacial  period,  when  the  Arctic- 
basin  marine  fauna  had  extended  itself  over  our  seas. 

8HBLL8  PBOXTLIAR  TO  BRIDLINOTOir. 


Fu»u8  graeU%8^  far.  vMtrieoiut. 
Trophon  elathratua^  L.  {JSamfiua), 
Jfaiiea  oeelusa. 

— Bowtrbankii. 

Triehoiropii  borealit, 
Turritella  trota^  Ck)uth.  (ehthratula). 
Margarita  eUgantittima^  Bean. 
Cimoria  Noachina. 


Dentalium  Tarentitmm  {entale). 
Montaeuta  hidentata, 
Cardita  analis  ?  (boreaiis}). 
AttarU  borealit^  Tar.  Mmaituleataf 
Leach. 

mtUahUit. 

crebrieoitaf 


The  Bridlington  beds  seem  to  correspond  most  nearly  in  age  with 
those  which,  in  Norway,  M.  Sara  has  distinguished  as  his  Glacial 
formation. 

Mr.  Trimmer  candidly  admits  that,  when  engaged  in  the  "  G^logy 
of  Norfolk"  for  the  Royal  Agricultural  Society  (1847),  it  was  the 
adoption  of  a  theory  guiding  his  observations  that  enabled  him  to 
disentangle  and  harmonize  all  that  mass  of  confused  materials  (Drift) 
which  till  then  had  so  perplexed  him  ;  *'  each  part  then  soon  fell  into 
its  appropriate  place."  In  this  case,  fortunately,  the  adopted  theory 
was  right,  namely  submergence  and  emergence — that  the  accumula- 
tions of  the  erratic  group  indicate  a  long  period  of  accumulation  over 
a  terrestrial  surface,  followed  by  denudation  as  it  rose  again.  For 
the  whole  of  the  period  and  its  products,  ho  proposed  two  groups  of 
Drift — a  lower  and  an  upper.  He  seems  to  me  to  have  recognized 
certain  distinctive  charactero  in  the  Lower  Drift,  which  are  the 
indications  of  the  different  conditions  of  accumulation  oonoemed, 
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^Ink'/"  at  i*-  }ah<.-,  th'r  izil<iTi<i  faciera  of  thi*  ciTiaa-ci  l.=iii*i:fcMiei 
fij<:r«lv  T*-:ti'x:A*':  *:\vil]]l  nibble,  wiihont  anv  S'isiixrcre  ?f  ccba  ■*■ 
UrmN  ;  liii  •  facieh  does  not  extend  east  of  X'^rwida.  BeT-iai  nd  a 
t^i  t}i<j  f.'o-A.nt  the  Ix^wer  Drift  u  of  sand :  ftl*:«T«.  on  ibe  ooifl 
H«:i:tioM  ib  a  blue  till  with  boulders,  horizontallv  l«e^d€^L  passbc  i; 
iiit/i  vf:ry  iUiiiiorvA  Wl«.  These  lower  sands  west  of  Cronser  c»» 
t'iiii  thr;  d'brJH  of  the  underlying  Lignite  beds.  In  the  case  of  & 
inland,  hh  of  t)je  c-^^ast-line  facies,  the  cjiazacter  of  the  accomulatka 
in  iffiiiK:diatoly  dr-^K.-ndent  on  the  subjacent  beds.  When  we  bei 
hi  ifiirid  t}i:it  pnrviouhl}'  to  the  accumiiltition  of  this  Lhift-senes  tfa 
l>'jrjrid;iry  11 U';  of  tho  Nurnmulitic  formation  by  Sudbniy  and  Ip^vic 
had  \n't:n  \vt:\[  d'^fined,  and  conse<|uently  that  Hig-h  Suffolk  sd 
.\orf'>Ik  itHHtjiit:']  a  ranii^*.*  of  bare  Chalk  hills,  we  are  prepare!  i 
iuh*|)i  thi:  Kiif/[>ohitioii  of  Mr.  S.  W<xh1,  jun.,  and  refer  this  diTiaio 
of  Ih**  K<-ri<-H  to  th«j  a^endcfi  of  subaerial  glaciation. 

(\  PoHttjIarial.  —  In  the  Nar  valley,  which  joins  the  Ouse  at  Lyni 
IH  in<'t  with  a  wcii-knr>wn  sot  of  marine  de])Ositions  of  this  a^ 
'rh<*y  f.xU-iid  homo  nine  miles  along  its  course,  and  occupied  wb 
must  h:iv<j  Ix.on  a  cre(;k  at  the  time  when  the  whole  of  the  BedfoT 
hivirl  wan  hi'U — an  inland  extension  of  the  Wash.  Mr.  Kose  calle 
attftitlrin  to  thin  Hta;^o  of  the  Kainozoic  series  in  1836,  and  assigne 
it  t<i  itH  tni(3  prmition.  lliin  deposit,  which  is  40  feet  in  thickne! 
and  r»()  jiljovr  tho  present  8r*a-level,  contains  27  species  of  testace 
all  of  wliii'h  .'inj  also  North-Sea  Hhells. 

TIh^ho  Hubje<;t.s  have  ongsiged  many  specidative  and  ingenioi 
rniiidH,  from  \\u'.  middle  of  the  last  century,  down  to  those  no 
lU'livrly  at  work  litTii — such  as  Arderen,  William  Smith,  the  fath< 
of  (3<*(dogy,  lh(»  TaylorH,  K()l>]>erdfl,  tho  Woodwards  (of  whom  foi 
g«  Ml  oral  ions),  (larko,  Mitrhell,  Trimmer,  Gunn,  Osmond  Fishe 
Hut  1  Hhould  1)0  wanting  to  the  place  in  which  we  are  now  me 
wholly  unworthy  to  till  this  chair,  wanting  to  the  great  subje< 
wh it'll  asNomblos  so  many  here,  wholly  forgetful  of  my  ovm  oblige 
tioim,  if  1  W(»ro  not  mindful  that  Norwich  may  claim  with  Cambrid^ 
joint,  ownership  in  tho  Womlwardian  Professor — the  Rev.  Cant 
Sodgwiok. 
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Bbitish  Association  for  the  Advancement  of  Science. — 
Norwich,  August  19th,  1868.  List  of  Papers  read  in  Section  C. — 
Geology. 

President :— K.  A.  C.  Godwin-Austen,  F.R.S.,  F.G.S. 

Bev.  O.  Fisher — On  the  Denudations  of  Norfolk. 

G-  Maw — On  the  Sequence  of  the  Deposits  in  Norfolk  and  SuJSblk 

superior  to  the  Red  Crag. 
S.  V.  Wood  and  F.  W.  Harmer— On  the  Glacial  Structure  of  Norfolk 

and  Suffolk.     (See  antCf  page  452.) 
J.  E.  Taylor— The  Norwich  Crags  and  their  relation  to  the  Mammali- 

ferous  Bed. 
A.  Bell — On  the  Molluscan  Fauna  of  the  Red  Crag. 
W.  Pengelly — Fourth  report  of  Committee  for  the  exploration  of 

Kent's  Cavern,  Devonshire. 
W.  Pengelly — On  the  condition  of  some  of  the  bones  in  Kent's 

Cavern. 
G.  Maw — On  the  sequence  of  the  Deposits  in  Norfolk  and  Sofblk 

superior  to  the  Red  Crag. 
W.  S.  Mitchell — Report  of  Committee  on  Leaf  Beds  of  the  Hamp- 
shire Basin. 
E.  Whymper — Report  of  the  "  Greenland  Plant  Beds'  Committee." 
C.  B.  Rose— On  the  Conclioidal  Fracture  of  Flint  as  seen  on  Flint- 
faced  buildings  in  Norwich,  &c. 
C  Moore — Report  on  the  Fossil  contents  of  Mineral  Veins  in  the 

Mendips,  &c, 
J.  Bryce  —Report  of  the  Earthquake  Committee  for  Scotland. 
Bev.  J.  Gunn — On  the  alternate  elevations  and  subsidences  of  the 

land,  and  the  order  of  succession  of  the  strata. 
H.  Woodward — Fourth  Rei)ort  on  Fossil  Crustacea. 
H.  M.  Jenkins — On  the  Tertiary  deposits  of  Victoria. 
Dr.  J.  Lowe — On  the  Carstone  of  West  Norfolk. 
Professor  Otto  Torell — On  some  new  fossils  from  the  Long  Mynd 

Rocks  of  Sweden. 
J.  W.  Salter—  On  a  new  Pterygotus  from  the  lowest  Old  Red  Sand- 
stone. 
C.  Jecks — On  the  ferruginous  Sandstone  of  the  neighbourhood  of 
Northampton. 
*  C.  W.  Peach— On  the  Fossil  Fishes  of  the  County  of  Cornwall. 
S.  Sharp — On  a  Remarkable  Petrifaction  in  Northamptonshire. 
C.  B.  Rose — On  the  Crag  at  Aldeby  in  Norfolk. 
Dr.  R.  J.  Mann — Notes  on  the  Character  of  the  Coal  Field  in 

Natal. 
Dr.  P.  M.  Duncan — First  Report  on  British  Fossil  Corals. 
Dr.  P.  M.  Duncan — On  the  Genus  Clisiophyllum  from  the  Scotch 

Coal  Field. 
W.  R.  Grove—"  Artifical  Rocking  Stones."— An  Experiment. 
C.  Moore — On  New  Discoveries  connected  with  Quartemary  Deposits. 
H.   G.   Seeley— On  the  Classification  of  the  Secondary  Strata  of 
England. 
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PrrjfesKrr  H.  Coqnand— The  CreUoeon  Soasm  of  l''!-^*^  nd  Ihi 
North  of  France,  compered  with  those  of  tlie  Weet,  Sanh-vcik, 
and  South  of  Franoey  and  the  North  of  Afty^ 

J.  Evans — On  some  CaTitiee  in  the  Gxarel  of  tl^  TaDej  of  the  liHb 
Oiise.     ^See  amU,  page  443.) 

Dr.  £.  Crisp— The  Skeleton  of  a  FosQ  'Whale,  leoauily  fimd  m 
the  Eastern  Coast  of  Suffolk. 

IL  HiekB — On  some  Becent  DisoorerieB  ti€  Fnmnln  in  iiie  Cambna 
Rocks, 

Kev.  J.  Brodie — Geological  Changes  that  ksTB  taken  place  oa  Ae 
Coast  of  Britain  in  recent  times. 

C.  B.  Boee— On  the  Thickness  of  the  Chalk  in  Norfolk. 

Rev.  W.  Fox — On  Skull  and  Bonea  of  Xgnanodon. 

H.  6.  Secley — On  the  Relations  between  Extinct  and  Living  BeptileL 
and  on  the  Present  State  of  oar  Knowledge  of  the  Pten^dactrle. 

J.  Thomson — ^Notice  of  certain  Reptilian  ^^^w**^"^^  found  in  theCod- 
measures  of  Lanarkshire. 

H.  Clarke — Note  on  the  Western  Asia-Minor  Coal  and  Iron  Bani. 
and  on  the  Geology  of  the  District 

Dr.  Mann — ^The  Resemblance  and  Contrasts  of  the  Climate  of 
Mauritius  and  Natal. 

Dr.  Mann — Remarks  on  the  Gold  Fields  of  Soath  Africa. 

Professor  Tennant — On  the  Recent  Discoyery  of  Diamonds  in  the 
Cape  Colony. 

Rev.  C.  G.  Nicolay — On  the  Diamonds  of  Brazil. 

J.  L.  Lol^ley — On  the  Range  and  Distribution  of  the  British  Foesil 
Brochiopoda. 

S.  Jenkins — On  the  Noted  Slate  Veins  of  Festiniog. 

J.  Curry — On  the  Formation  of  Certain  Columnar  Structures. 

Pi-cjfesBor  Goppert — On  the  Inapplicability  of  Fossil  Plants  to  sup- 
port the  Theory  of  Gradual  IVansformation. 

E.  R.  Lankester— The  Oldest  Beds  of  the  Crag. 

Rev.  J.  Brodie — The  Earthquake  Tremors  which  seem  to  have  Pre- 
ceded the  Elevation  of  the  Scottish  Coast. 


MR.  WITCHELL  ON  THE  COTTESWOLD  VALLEYS. 

Sir, — For  many  months  past  I  have  not  troubled  you  with 
any  communication  on  the  subject  of  denudation,  as  I  have  been 
almost  constantly  travelling  in  the  hilly  districts  of  Devonshire,  the 
Welsh  borders,  and  North  Wales.  Since  I  last  wrote,  very  little  on 
this  subject  has  appeared  in  your  Magazine,  excepting  an  article  by 
the  accomi)li8hed  disciple  of  Playfair,  Mr.  Greikie,  who  advocates 
doctrines  for  which  few  geologists  would  be  prepared,  and  which 
are  at  open  variance  with  the  maxim  (hitherto  regarded  as  estab- 
lished) laid  down  by  Mr.  Whitoker,^  that  in  comparison  to  the  huge 

1  See  Gbol.  Magazinb  for  Oct  and  No?.  1867,  YoL  IV. 
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and  "continental"  denudations  and  removals  of  rook  by  the  sea, 
**  the  present  irregularities  of  the  earth's  surface  are  mere  scratches ;" 
and  an  abstract  of  a  paper  by  Mr.  Witchell  on  the  Denudation  of  the 
Ck)tteswolds. 

Mr.  Witchell  believes  that  the  combes  of  the  Cotteswold  valleys 
have  been  formed  by  the  springs  they  contain.  Before,  however, 
the  occurrence  of  springs  in  combes  can  be  regarded  as  furnishing 
any  evidence  that  the  combes  were  excavated  by  them,  it  is  neces- 
sary that  the  following  questions  should  be  answered.  Do  the 
springs  along  a  line  of  escarpment  oocur  generally  at  intervals  such 
as  might  lead  one  to  expect  to  find  them  in  the  parts  which  run  back 
into  combes  ?  Is  there  sometimes  more  than  one  spring  in  a  single 
oombe  ?  Do  springs  in  combes  occur  on  the  sides,  at  the  back,  at 
the  mouth,  or  in  apparently  accidental  positions?  [I  once  saw  a 
subterranean  stream,  not  far  from  Grickley,  flowing  out  of  the  side 
of  a  short  valley,  in  such  a  way  as  to  show  that  it  could  have  had 
little  to  do  with  the  excavation  of  the  valley.]  Are  not  the  springs 
in  some  combes  the  indirect  result  of  the  surface-drainage  of  the 
areas  of  the  combes  ?  Is  it  a  &ct  that  aU  the  Cotteswold  combes 
contain  springs  ?  Supposing  the  connection  between  the  Cotteswold 
combes  and  springs  to  be  so  great  as  Mr.  Witchell  asserts,  then  the 
dry  combes  of  the  Chalk  and  other  districts  could  not  have  been 
formed  by  springs,  for  it  is  as  reasonable  to  believe  that  springs 
have  broken  out  in  combes  after  their  formation,  as  that  springs  have 
disappeared  from  combes.  With  regard  to  the  supposition  that  the 
sea  would  not  have  selected  the  parts  of  escarpments  containing 
springs  to  hollow  them  back  into  combes,  it  may  be  remarked  that 
these  are  the  parts  which  would  have  yielded  most  readily  to  its 
undermining  action,  and  the  parts  where  coast-slips  would  have 
chiefly  occurred.  I  believe  that  the  denudation  of  the  Cotteswold 
hills  (which  can  only  be  thoroughly  understood  by  considering  it  in 
connection  with  other  districts)  has  been  effected  as  follows : — ^Tidal 
and  other  currents  must  have  furrowed  the  original  table-land  ^if  a 
table-land  free  from  considerable  undulations  ever  existed)  mto 
shallow  passes^ — one  side  of  these  passes,  owing  to  its  being  the 
upcrop  side,  the  side  exposed  to  wind,  or  the  side  on  which  currents 
chiefly  impinged,  was  rendered  steeper  than  the  other, — while  the 
sea  occupied  the  passes,  coast-slips  occurred  on  the  parts  moistened 
and  loosened  by  springs — ^the  sea  swept  away  the  slipped  debris, 
cleared  out  and  smoothed  the  irregular  vacancies  left  by  the  slips  so 
as  to  give  rise  to  the  curvilinear  hollows  called  combes.  The  drift 
on  the  upper  slopes  of  the  Cotteswold  valleys  is  of  much  the  same 
nature  with  that  on  the  flat  tops  of  the  plateaux.  It  is  just  what 
might  liave  been  left  by  currents,  or  waves  acting  under  conditions 
unfavourable  to  the  rounding  of  stones.  In  many  places  it  forms  an 
extensive  and  uniform  covering  or  Uning,  which  could  not  possibly 
have  been  left  by  small  streams;  while  I  am  prepared  to  prove, 

^  Both  ends  of  these  passes  haTe  since  heen  deepened  by  streams,  in  many  places 
to  a  very  great  extent ;  tor  atmospheric  denudation  is  more  actWe  in  some  parts  of 
the  Cotteswold  district  than  in  any  part  of  South  Britain  with  which  I  am  aoqnauitad. 
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from  a  lon^  series  of  observations,  that,  in  oommon  with  oilier  skfi 
drifts  in  England  and  Wales,  the  bulk  of  it  is  not  a  mere  dinntep- 
lion  ill  situ,  but  the  effect  of  lateral  displacement  in  a  gre&t  hmmi 
irrespectively  of  the  form  of  the  ground.  D.  MACSisTQBli 

BlKKEXHEAD^  12M  S4pt.,  186S. 


ON   TflE   DISXrRBAXCE   OF  THE   LEVEL    OF    THE   LAND  XM 
YOUGHAL,  ON  THE  SOUTH-EAST  OF  IRELAND. 

Sir, — In  your  May  number,  which  has  just  reached  me,  I  U 
Colonel  Greenwood  considers  me  in  **  error"  when  auppoai^  ^ 
pression  of  the  land  necessary  to  account  for  facts  obsernds 
Youghiil ;  but  in  the  remarks  which  follow  this  I  fail  to  see  that  Ai 
author  of  *'  Itain  and  Rivers,"  while  admitting^  one  of  my  propo** 
tions.  proves  the  other  wrong. 

If  it  bo  granted  that  as  the  sea  erodes  a  line  of  coast  atmliit 
beach  may  travel  landward,  surely  while  the  sea  erodes  '*  the  wksit 
line  of  coast,"  the  peat  beneath  the  travelling'  beach  ought  to  be 
eroded  also,  and  dispersed  instead  of  being  submei^ged.  The  pot 
under  Youghal  Bay,  however,  not  having  been  eroded  and  disperMd, 
wo  may  conclude  that  the  land  there  was  not  at  rest  daring  the  sob' 
mergence  of  the  peat. 

But  the  gist  of  Colonel  Greenwood's  argument  lies  in  his  asseitioii 
that  '^  the  stream  or  the  rain  valley  cuts  its  estuary  £su"  deeper  [ho* 
much  ?  ]  even  than  low- water-mark,"  forming  an  arm  of  the  sea. 

Applied  to  the  case  in  point,  that  is  to  say,  that  the  rain  valley  ex- 
cavated its  estuary  as  much  lower  than  sea  level  as  is  the  surface 
up(ju  which  tlie  first  peat  was  formed,  now  far  out  under  Youghal  Bay. 
Tins  point  must  be  at  a  considerable  depth,  if  my  memory  and  infor- 
mation be  correct,  for  I  have  seen  from  tliree  to  five  fathoms  water 
marked  upon  a  chart  somewhere  about  the  place  indicated  by  fisher- 
men as  the  outer  limit  of  where  peat  is  known  to  occur.  To  this 
deptli  must  be  adtled  the  unknown  thickness  of  the  peat,  which  in 
parts  of  Ireland  not  uncommonly  exceeds  20ft.  However,  taking  it 
at  10ft.,  we  have  thus  a  rain-and-river  valley  excavated  by  these 
agencies  to  a  depth  of  from  28ft.  to  38ft.,  or,  it  may  be,  40£t.  or  oOft, 
below  the  level  of  the  sea  at  low  water ! 

Depression  not  being  admitted,  is  it  not  fair  to  ask  whether  the 
beacli  of  that  period  may  have  been  of  this  height,  and  what  kept 
the  sea  out  of  the  valley  Ix^fore  the  beach  was  thrown  up  by  some 
storm,  so  that  peat  could  grow  behind  it?  I  may  also,  I  trust,  be 
excused  for  asking,  if  the  stratified  sand,  gravel,  and  clay,  with  flints, 
which  forms  Clay  Castle  Hill,  was  tlirown  up  to  a  greater  height 
than  91ft.  by  storm,  or  ordinary  waves,  or  otherwise,  bow  does  it 
come  to  contain  sea  shells  at  such  a  considerable  elevation  as  it  does  ? 

I  must  here  confess  that  "  raised  beach'*  is  not  an  expressive  tenn 
for  such  a  local  accumulation  as  that  of  Clay  Castle,  and  was  only 
used  for  want  of  a  better.  All  low  ground  gradually  elevated  from 
the  sea  would,  at  one  time  or  another,  have  formed  its  beach  (as  was 
once  remarked  to  mo  by  Professor  Jukes),  therefore  one  locality  has 
no  better  claim  than  another  to  the  name,  used  in  a  general  sense. 


,,  Correspondence --Mr.  George  it  Kay.  485 

,  The  materials  of  this  liill  differ  considerably  from  those  of  the  lower, 
'  dean-rolled,  and  cast-up-beach  in  its  vicinity,  though  they  were, 
doubtless,  accumulated  under  water  and  disturbed  by  waves,  when 
'  they  formed  the  shore  or  beach,  while  being  elevated  to  their  present 
position.  Had  I  the  means  of  reference  here,  I  dare  say  it  would  be 
easy  to  show,  from  heights  upon  the  Ordnance  six-inch  map,  that 
the  slope  of  the  boggy  valley  is  gradual  from  higher  levels  inland 
towards  the  sea,  and,  probably,  charts  of  the  coast  would  pennit 
nearly  the  same  slope  to  be  carried  out  beneath  Youghal  Bay.  Upon 
such  a  slope  peat  could  be  formed  when  the  land  stood  h^her,  and 
if  depression  occurred  the  results  would  be  exactly  those  which  now 
appear ;  without  the  necessity  for  so  strong  an  assumption  as  that 
the  valley  was  cut  down  by  rain  and  rivers  to  30ft.  or  40ft.  below 
sea  level  at  low  water,  during  a  period  at  which  sea  water  was 
obliging  enough  to  forego  the  law  of  seeking  its  own  level  in  order 
to  allow  a  deep  growth  of  peat  to  accumulate. 

I  regret  to  add  that  I  have  no  copy  of  "  Rain  and  Rivers"  to  which 
I  might  refer  for  answers  to  the  above  questions ;  one  of  the  old 
edition  was  lent  to  me  a  long  time  ago,  but  I  have,  unfortunately, 
never  been  able  to  obtain  the  last,  although  I  have  made  several 
efforts  to  do  so. 

The  Chalk  flints  may  be  quite  according  to  rule,  but  their  occur- 
rence is  peculiar  in  this,  that  they  are  not  usually  found  in  the  de- 
trital  deposits  of  the  south  of  Ireland,  or  other  parts  of  the  coast. 
How  far  they  extend  from  Youghal  eastwards  is  not,  so  far  as  I  am 
aware,  as  yet  discovered.  A.  B.  Wynne. 

Bhooj  Eutch,  Western  India,  July  25/^  1868. 


FOSSILS  FROM  BUFFALO  RIVER,  BRITISH  KAFFRARIA. 

Sir, — Permit  me  to  explain  the  seeming  discrepancy  which 
occurs  at  pages  202  and  20i  of  the  May  number  of  the  Geological 
Magazine.  At  page  202,  under  the  heading  "  Explanation  of  Geo- 
logical Sections,"  the  800  feet  refers  to  the  height  at  which  marine 
shells  have  been  observed,  (viz.,  St.  Luke's  Mission  Station,  Newlands, 
British  Eaffraria).  At  page  204,  under  the  heading  '*  List  of 
Fossils,"  the  220  feet  refers  to  tlie  height  at  which  the  specimens  sent 
were  obtained,  (viz.,  Panmure,  British  Kaffraria).       Geo.  M*Kat. 

East  London,  Cape  of  Good  Hope, 
26th  June,  18G8. 

THE  PLEISTOCENE  FUESHWATER  DEPOSIT  AT  HACKNEY  DOWNS. 

SiB, — My  attention  has  only  just  been  directed  to  a  statement  by 
Mr.  Alfred  Tylor,  which  appeared  in  the  Geological  Magazine, 
August,  1868,  p.  392,  in  reply  to  which  I  can  only  say  that  Mr. 
Tylor  must  have  been  misinformed,  as  I  never  received  the  series  of 
specimens  referred  to  from  Mr.  Skertchly,  nor  have  I  the  pleasure 
of  knowing  that  gentleman.  The  species  of  Land  and  Fresh -water 
Mollusca  enumerated  in  the  Natural  History  Repertory,  were  col- 
lected by  myself  in  company  with  my  friend,  Mr.  J.  W.  Bailey,  of 
Fenchurch-street. 
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ITad  thoy  been  given  me,  as  stated  by  Mr.  Tylor,  I  ■hoddnotltf 
commit  ted  myself  by  publishing  the  list  without  fint  obtttniiigl 
Skortchly's  permission,  and  without  dae  acknowledgment  I  m 
ask  you,  therefore,  to  insert  this,  in  oonectioii  of  Mr.  Tyloi^i  iM 
ment,  wliich  is  erroneous.  Gxoxgx  J.  Sim 

IiUMOTON,  Stpttmbtr  6,  1868. 

ORMEROD'S  GEOLOGICAL  IXDEX. 

A  Second  Edition  of  this  work,  including  the  papers  oontaiiied 
the  Quart4*rly  Journal  for  18G8,  will  shortly  be  poblished.  G< 
h>giHtri  arc  rtHj[iicHtcil  to  communicate  notices  of  any  errors  or  on 
sioiiH  that  exist  in  the  first  edition  to  the  author,  at  the  followi 
addretis,  G.  W.  Orxcbod,  Esq., 

Chagford,  Exeter. 

FOSSILS  FROM  THE  COAL-MEASUBES. 

Sir, — I  have  recently  collected,  or  had  forwarded  to  me,  thoiuaz 
of  HpooimoiiH  of  foHsil  jaws,  teeth,  scales,  spines,  ribs,  vertebne,  a 
otluT  fiHh-rcmains  from  the  Low  Main  Coal  Shales  of  Xorthumb 
land. 

Ah  a  matter  of  course,  several  of  the  specimens  are  duplicates,  a 
are  not  r(M|uired  for  the  cabinet.  I  shaU  therefore  have  great  p]< 
Hurt*  in  forwnnling  a  tooth  or  scale  to  any  of  your  readers  who  ^ 
solid  mo  a  RtainixHl  and  addressed  parchment  luggage  label. 

Tlio  fDHsilH  (H>lltK.'tod  arc  for  tlio  most  part  of  the  following  genera : 
lihizotluH,  Mvijdlichthys,  lihizodopais,  Ctenodus,  Ctenoptychius,  Fleni 
rauthus,    (ii/racanthtts,    StrepaoduSy    Acanthodopns,   etc.,    myriads 
Kutomotttraca,  and  a  few  reptile  remains.  T.  P.  Babkas. 

Nkwcahtlk-on-Tyne,  September  8,  1868. 

DISCOVKUY  OF  SOS  PFIMIGENIUS  IN  THE  LOWER  BOULDER- 

CLAY  OF  SCOTLAND. 

Sin. — In  my  humble  opinion,  it  is  doubtful  if  Mr.  Geikie  is  corn 
in  pluoinj::  tlio  disoovorj'  of  tlie  above  fossil  in  the  true  Till  or  Lo^ 
Bouldor-olay  of  SiH)tland.*  He  says  that  "  the  fossil  was  iml>edd 
somo  fow  foot  doop,  in  a  soft  clay  or  mud,  interlaminated  with  liu 
and  bods  of  wind,  and  occasional  layers  of  fine  gravel."  Mr.  Geil 
takes  tins  btnl  as  boinj;  intercalated,  ^\'ith  the  Lower  Boulder-cla 
wlioroas  tlio  Lower  lUmlder-elay  rises  up  through  this  stratified  be 
(if  1  may  so  s^H^ak),  throwing  it  out  altogether,  for  more  than  o: 
hundivd'  yanls  in  tlio  cut tinj::, — ^  fi^^-^t  that  Mr.  Geikie  hasoverlookc 
K^th  in  liis  sketch  section,  Fig.  1,  and  in  the  letteqiress  descriptic 
Tliis  has  lod  him  to  consitler  the  clay  that  underlies  the  stratifii 
bod  as  iilontical  witli  that  which  overlies  it.  They  are  certain 
distinct.  The  clay  that  is  soon  rising  from  under  the  stratified  bed 
thotnio  Till ;  and  ci>n8i8t8  of  a  tough  dark  blue  clay,  full  of  ston 
and  (piito  free  t>f  sand.  It  is  soon  rising  from  under  the  stratifi 
bed,  near  the  place  whore  the  fossil  was  found,  and  occupying  ti 

'  StH^  Mr.  .Tames  Goikie's  article  in  the  September  Number  of  the  Geologic 
Magazine,  p.  393  (with  two  woodcut  scctioiu). 
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:.  ncHcih  bank  for  one  hundred  yards  westward;  it  is  seen  again  dipping 
r^  under  the  stratified  beds — ^the  clay  that  overlies  the  stratified  bed  is 
'^  of  a  reddish,  or  as  Mr.  Geikie  describes  it»  "dark  brown"  colour  mixed 
'^  frith  sand  and  gravel,  and  is  altogether  freer  than  the  under  clay. 

To  account  for  these  stratified  beds,  Mr.  Geikie  supposes  that 

*  "  one  large  lake,"  or  more  probably  a  series  of  small  lakes,  may 

once  have  occupied  the  area  between  Caldwell  and  tlie  place  where 

the  fossil  remains  of  the  great  ox  were  obtained."    This  surmise  is 

most  likely  correct ;  yet  it  is  doubtful  if  a  glacier  passed  up  the 

'    '▼alley  after  the  deposit  of  the  stratified  beds.     They  have  no  appear- 

.    ance  of  being  disturbed  by  land-ice  having  passed  over  them.    Into 

fhis  I  do  not  enter,  it  is  enough  to  point  out  that  th^  upper  beds 

are  distinct  from  the  true  ''  "nil,"  and  may  belong  to  deposits  long 

posterior  to  it. 


Section  of  North  Bank,  whirb  Bo$  primigtniua  was  found. 
a.  Lower  Boulder-clay. 

b»  Stratified  bed  of  fine  mud,  or  clay,  free  from  stones. 
e.  Clay  with  sand  and  gravel. 
X  Place  where  the  fossil  was  found.  ^ 

Robert  Cbaio. 

Lanosidb,  Beith,  September  10,  1868. 


M.    BOUCHER   DE    PERTHES. 

On  the  2nd  of  August  last,  at  the  ripe  age  of  79  years,  there 
passed  away  from  among  us  Monsieur  Jacques  Boucher  de  Cr^vecoeur 
de  Perthes,  Officer  of  the  Legion  of  Honour,  President  of  the  Imperial 
Society  of  Emulation  of  Abbeville,  a  member  of  numerous  learned 
societies,  and  a  Foreign  Correspondent  of  the  Geological  Society. 

Throughout  the  whole  of  the  civilized  world  there  are  few 
names  better  known  than  that  of  M.  Boucher  de  Perthes,  who  in  the 
present  day  must  be  regarded  as  the  first  person  who  directed  public 
attention  to  those  early  works  of  man,  the  flint  implements  imbedded 
in  the  Post  Pliocene  gravels  of  our  river  valleys.  Without  detract- 
ing from  the  merits  of  Dr.  Ceselli,  of  Rome,  or  of  our  own  country- 
man, Mr.  Frere,  it  must  be  confessed  on  all  hands  that  to  Boucher 
de  Perthes  and  his  labours  is  due  the  first  impetus  which  was  given 
to  the  study  of  the  Antiquity  of  Man,  which  within  the  last  few 
years  has  made  such  rapid  progress,  and  which  has  enlisted  the 
energies  of  so  many  votaries  of  science. 

His  Aniiquitds  Celtiques  et  Antediluviennes,  printed  in  1847,  and 
published  in  1849,  will  always  be  regarded  as  the  starting  point  of 

^  The  fossil  was  found  on  the  top  of  the  stratified  bed,  and  could  not  be  more  than 
foiir  feet  from  the  surface. 
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this  study ;  and  tliough  at  the  outset  this  iTrork  was  treated  in  bii 
own  country  with  coldness  and  neglect,  and  though  his  views  wa« 
regarded  as  unworthy  of  recognition  by  those  better  versed  in  oiber 
branches  of  geology,  yet  the  strong  convictions  of  Boucter  dc 
Perthes  at  length  prevailed,  and  aided  by  the  late  Dr.  Falconer^ 
Mr.  Prestwich,  and  other  English  geologists^  his  discovery  of  aitifi^ 
cially  formed  implements,  embedded  in  the  same  deposits  with  am- 
nials  belonging  to  a  fauna  now  for  the  most  part  extinct,  was  in  1859 
amply  corroborated,  and  is  now  universally  accepted. 

After  many  years  of  waiting,  of  argument,  and  of  disappointment. 
M.  Boucher  do  Perthes  had,  in  the  last  decade  of  his  life,  the  piwid 
satisfaction  of  seeing  his  discoveries  duly  appreciated,  and  the  etndy 
of  the  early  history  of  man,  to  which  he  had  so  longdevot<.Mihiu«tt 
taken  up  and  successfully  prosecuted  by  other  lalx)urers,  who  re- 
cognized him  as  their  precursor,  and,  in  a  certain  sense,  as  their 
master. 

Those  who,  in  the  early  days  of  the  discussions  as  to  the  authoiti- 
city  of  these  implements,  and  the  circumstances  of  their  discoveiT, 
had  tlie  opportunity  of  making  the  acquaintance  of  M.  Boucher  dc 
Perthes  at  Abbeville,  jmd  of  studying  his  collections,  and  visiting 
with  him  the  deposits  in  the  vaUey  of  the  Somme,  will  always  re- 
•member  with  gratitude  the  hearty  kindness,  the  quick  intelligence^ 
the  true  liberality,  and  the  courteous  hospitality  of  the  genial  old 
man  ;  and  even  tliose  who  had  the  misfortune  to  differ  from  him  on 
the  subject  of  the  famous  Moulin  Quignon  jaw,  could  never  for  a 
moment  doubt  his  perfect  sincerity  and  candour,  even  if  they  thought 
him  somewhat  too  facile  of  belief. 

The  choicest  part  of  his  collection  of  primeval  antiquities  he  pre- 
sented, during  his  lifetime,  to  the  National  Museum  at  St.  Germain- 
en-Laye,  of  which  it  will  long  remain  a  distinguished  ornament  ; 
but  numerous  other  museums  and  private  collections  all  over  the  world 
are  enriched  \)\  his  munificence,  for  he  gave  with  no  niggardly  hand. 

A  bachelor,  with  comfortable  means,  he  had  long  ^ven  up  his 
appointment  as  Directeur  des  Douanes,  and  had  devoted  himself  to 
study  and  travel.  His  literary  productions  are  vohuuiuous.  Be- 
sides his  numerous  works  of  greater  or  less  impoi-tanco  relating  \o 
the  Antiquity  of  Man,  he  published  accounts  of  his  Travels  in  Eussia, 
Denmark.  Spain,  and  other  countries,  WTitten  in  a  light  and  pleasant 
style ;  and  he  also  entei*ed  the  field  of  fiction,  having  written  more 
than  one  novel;  while  occasionally  his  thought.s  took  a  political 
turn,  and  he  wrote  of  the  prospective  future  of  England,  or  deserted 
the  Antiquity  of  Man  to  speculate  on  Woman  and  her  Destiny. 

His  private  correspondence  with  all  parts  of  the  world  was  im- 
mense, but  so  was  his  industry ;  and  though  of  late  years  the  gout 
was  apt  to  interfere  with  his  powers  of  writing,  yet  his  pen  was  in 
his  hand  many  hours  each  day.  Those  who  have  visited  his  home 
at  Abbeville  cannot  fail  to  recal  with  affectionate  remembrance  the 
figure  of  the  veteran  seated  at  his  table,  with  his  papers  around  him, 
in  the  little  study  so  profusely  decorated  with  porcelain,  where,  alas, 
his  place  shall  know  him  no  more. 


f  -    -1 


\ 


J 

rj-     ,-r/' 


U.U  ^  SV.^SW.V, 


THE 

GEOLOGICAL   MAGAZINE. 


Ho.  IHL— VOVEMBES,  1868. 


L — On    ▲   NSWLT-DISGOVEBBD   LONO-STKD      CaLTMMSM     FBOX    THI 

Wenlook   Limkstoni,  Dudley. 
Bt  HBzniT  WooDWASD,  F.G.S.,  F.Z.S.,  of  tiie  British  Mnssiim. 

[PLATE  XXI.] 

riB  more  than  a  centaiy  since  the  "  Dudley  Locust,"  or  *  Trflo- 
bite/  was  first  figured  and  described/  and  the  locality  where  it 
it  is  found,  is  rendered  famous  by  the  researches  and  writings  of 
Sedgwick,  Phillips,  Forbes,  Muichison,  Salter,  Davidson,  and  a  host 
of  other  geologists  and  palsBontologists,  who  have  been  attracted 
thither  at  various  times  by  the  grand  geological  features  of  the  dis- 
trict or  by  the  matchless  beauty  and  endless  diversity  of  its  well- 
preserved  organic  remains. 

Nor  have  Sie  advantages,  which  this  locality  offers,  been  lost  sight 
of  by  the  members  of  the  Dudley  and  Midland  Geological  Society, 
whose  well-stored  cabinets  attest  the  earnest  interest  they  all  take 
in  procuring  and  preserving  the  choicest  Corals,  Mollusca,  Crinoids, 
and  Trilobites,  which  the  Wenlock  Limestone  and  Shale  so  abund- 
antly afford. 

To  one  of  these  gentlemen,  Mr.  E.  Hollier,  of  Dudley,  I  am  in- 
debted for  the  opportunity  of  examining  and  describing  the  remark- 
able Trilobite  which  forms  the  subject  of  this  communication. 

From  the  time  of  the  establishment  of  the  genus  CalUj^iMine  by 
Brongniart  in  1822,'  the  "  Dudley  Trilobite  "  may  be  said  to  have 
been  very  well  known,  described,  and  figured,  and  its  portrait  has 
appeared  in  almost  every  geological  work  in  which  fossils  have  been 
noticed  from  that  time  down  to  the  present  day. 

For  the  best  description  and  illustration  of  this  and  many  other 
genera  of  British  Tnlobites  we  are  indebted  to  Mr.  J.  W.  Salter. 

iSee  Geological  Survey,  Memoirs,  1849-53  ;  and  Monographs  of  the 
*al8Bontographical  Society'  for  1862-66),  to  Part  II.  of  which  latter 
work  we  refer  the  reader  for  a  full  description  of  the  genus  Calymene. 

>  Lyttelton,  Phil.  Ttem.  1760,  vol.  xlri.  p.  698,  pL  i.  and  ii. ;  Mortimer,  ibid.  p. 
600 ;  Mendez  da  Costa,  ibid.  1763,  toI.  xlriiL  p.  296 ;  also  Gaettaid,  Wilckens, 
Klein,  Walch,  Beckmann,  etc.,  1757  to  1773. 

'  Brongniart  and  Desmarest,  Hist.  Nat.  Cnut.  foss.  1,  pl.i. 

>  Foot  parts  bare  already  appeared,  witb  upwards  of  30  plates  and  aboTe  700 
figures,  together  with  descriptioBs  of  114  species  of  Trilobites. 
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At  page  90,  Mr.  Salter  writes  of  Ckdymene  as  follows:  ''Ona  of 
the  most  graceful  and  compact  of  all  the  Trilobite  git>iip ;  the  hei^ 
and  tail  well  developed,  but  not  extravagantly  so ;  the  former  witli'i 
three-lobed  glabella,  very  convex  and  narrowed  in  jfTont^  oi^  vdi 
fTomineni  tupine  eyesy  which  have  evidently  a  very  thin  eormeOf  ts  tMt 
ofdy  very  rarely,  the  lenses  are  visible ;  ^  a  thick  margin  to  the  bnl 
the  suture  being  in  front  submarginal  and  subtending  a  broad  rosfcal 
shield,  etc.,  etc."  The  passage  we  wish  to  call  attention  to  ■ 
printed  in  italics. 

All  collectors  of  Trilobites  can  corroborate  the  above  obsemtioi 
of  Mr.  Salter's;  nay,  more,  it  is  rarely,  if  ever,  that  the  eomtk 
itself  is  preserved  in  Calymene. 

Out  of  the  numerous  specimens  which  have  come  nnder  my  o«& 
notice,  I  have  seen  but  one.  The  specimen  consisted  of  part  of  tk 
head  of  a  small  Calymene  Blumenbachii,  carefully  worked  out  by  dut 
veteran  collector  of  Dudley  fossils,  Mr.  John  Gray,  of  Hagley,  some 
of  whoso  choicest  specimens  of  Crinoids  and  Trilobites  (beautifoDj 
developed  with  his  own  hands)  now  adorn  the  Geological  Gralleiy  of 
the  British  Museum.* 

The  aspect  which  the  eye  ordinarly  presents  in  Calymene  is  tbt 
of  a  lenticular  aperture,  with  a  thickened  and  often  considerably  laM 
margin,  the  smoothness  of  the  edge  of  which  depends — (certainly  i& 
some  out  of  the  many  specimens  which  I  have  lately  examined)— 
upon  the  skilful  finish  put  upon  it  by  the  Dudley  "  Fossilists,"  who 
have  for  many  years  pursued  fossil-development  as  an  important 
branch  of  native  industry.' 

Knowing  these  things,  it  will  not  seem  surprising  that  I  looked 
with  mingled  feelings  of  interest  and  distrust  at  the  '*  carte  de  visile" 
of  the  remarkable  Trilobite  figured  in  the  centre  of  our  plate,  and 
desired,  l>efore  all  things,  to  see  the  original  specimen.  This  was 
duly  sent  nie  up,  and  I  looked  at  it  still  more  earnestly,  and  appealed 
to  other  eyes  than  mine  to  examine  it  critically,  and  I  am  glad  to 
say  that  my  colleagues  all  confirmed  me  in  my  decision  of  its 
genuineness. 

In  all  points,  except  in  the  remarkable  eye-peduncles,  the  speci- 
men appears  to  be  a  true  Calymene  Blumenbachti  (see  Plate  XXL 
Fig.  1).  Indeed,  tlicre  are  specimens  in  the  Museum  collection 
which  match  Mr.  Hollier's  Trilobite  most  exactly,  save  in  this  one 
particular. 

I  could  only  call  to  mind  one  other  instance  of  a  Trilobite  having 

^  "  IlalK  in  hia  *  PalToiitology  of  New  York,*  has  figured  the  lenses.  I  hsTC 
never  Been  any  traces  of  them.*'— J.W.  S. 

»  This  little  specimen  was  sent  me  privately  in  a  letter  by  Mr.  Gray,  some  lone 
time  since,  ami,  to  my  regret,  I  am  unaolc  at  this  moment  to  light  upon  it,  or  I 
ihould  have  tij^nred  it  on  the  accompanying  plate. 

'Mr.  (iray  informs  me  that  for  tifty  years  the  miners  have  not  only  collected  and 
developed  Trilobite :«,  but  even  mad<'  them  when  they  did  not  turn  up  in  sufficient 
abundance.  Hi'  adibi,  **  New  and  undcscribcd  species  are  still  to  be  purchased,  com- 
posed of  {uirbi  uf  Cihjmene  and  Fhaeop9  united  together,  either  by  accident  or  by  tht 
aid  of  a  knife  and  a  little  gum."  I  have  myself  sivn  (in  the  possiL'Ssion  of  Dr. 
Grindrod,  of  Malvern)  an  Ampyx  nudut  cleverly  made  out  of  the  lunestone  with  tht 
help  of  the  tail  of  a  Fhacopt  Dotoningia, 
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equally  long  eye-stalks,  the  A»a'pkM  KowalewBhi  from  the  SUarian  of 
Russia  (see  Plate  XXI.  Figs.  4  and  6)r 

But  the  sessile  or  pedunculated  form  of  the  eyes  in  the  Crutiaeea 
oannot  be  held  as  peculiarly  characteristic  of  any  one  order.  If  this 
were  insisted  upon,  we  must  classify  such  forms  as  8qu£Ua,  MytU^ 
PhyUosoma,  belonging  to  the  SUnnapoda,  with  the  true  Decapod 
Qrustaeea.* 

It  must,  however,  be  borne  in  mind  that  the  eye  Uedf  (and  not  Ae 
pedunchy  or  its  exact  form),  is  the  essential  oi^gan,  the  pedunde 
Deing  merely  a  form  of  stand  or  support  for  the  more  convenient  r 
adjustment  of  the  lens  which  conveys,  by  the  optic  nerve  to  the  brain, 
the  impressions  of  external  objects  coming  within  its  range. 

If  we  turn,  for  a  moment,  to  recent  Crustacea  we  find  among  the 
Crabs  (Decapoda-BrcLchyura)  the  greatest  possible  variation  in  the 
development  of  the  eye-peduncle.  Thus  in  the  Common  Crab  (  Cancer 
pagurtu),  the  Pea-Crab  (Pinnotheres),  and  in  Ixa,  Areania,  Ebalia,  and 
jPhilyra  (among  the  Leucosiada),  the  peduncle  is  scarcely,  if  at  all, 
elongated  beyond  the  orbit,  in  the  concavity  of  which  it  is  articulated. 

In  Qonophx  (one  of  the  «  Quadrilateral"  Crabs)  PI.  XXI.  Fig.  9, 
it  is  half  an  inch  in  length,  and  the  eye  is  placed  at  its  extremity. 
In  Podopthalmus  vigil,  one  of  the  very  active  pelagic  forms  of  Indicua 
Crabs,  the  eye-stalks  are  of  prodigious  length,  and  are  furnished  with 
a  second  articulation  near  the  summit,  enabling  the  eye  to  be  directed 
more  readily  upon  any  special  object  In  Ocypoda  ceratoph^lma 
(PL  XXI.  Fig.  10)  the  eye  is  placed  midway  upon  the  pedunde, 
the  eye-stalk  itself  being  developed  beyond  ihe  cornea  in  the 
form  of  a  somewhat  blunt  spine.  The  same  spine-like  prolonga- 
tion of  the  eye-peduncle  beyond  the  eye  itself  is  seen  in  Qehmnmu 
platydactyluSf  one  of  the  ''  Calling-crabs"  common  on  the  sea-shores 
of  China  and  Japan  (see  PL  XXI.  Fig.  8).  This  character  is  not 
however,  of  more  than  specific  value  in  either  Oelaeimue  or  Ocypoda, 
epecies  occurring  in  both  genera  (aU  but  identical  in  other  respects), 
in  which  the  eyes  are  really  terminal  in  position. 

In  all  these  higher  forms  the  eye-peduncle  has  an  articulation  at 
its  base,  and  is  protruded  from  or  withdrawn  into  the  orbital  fossa  at 
the  will  of  the  animal  by  the  action  of  the  peduncular  muscles. 

In  the  recent  sessile -eyed  forms  no  such  provision  exists,  the 
cornea  being  but  slightly  raised  above  the  surface  of  the  head-shield, 
as  indeed  in  most  of  the  Trilobites.  The  Trilohita  alone  ofier  an 
example  of  a  fixed  eye  raised  upon  an  immoveable  eye-stalk. 

Among  the  Isopoda  there  is  an  interesting  living  form,  the  CercUo- 
cephalus  Grayianus  (White  MS.)*  from  Flinder's  Island,  Bass's 
Straits  (PL  XXI.  ^g,  7),  in  which  pseudo-eye- stalks  (pp.)  are 
developed,  but  the  eyes  (o.o.)  are  at  their  bases  on  the  sides  of  the 

'  For  the  original  figures  and  description  of  this  remarkable  species  of  Ataphut, 
tee  Article  XI.  **Zwei  Neue  Asaphus-artcn  aus  dem  Silurischon  Kalksteine  det 
Goavemi'mcnts  St.  Petersburg,"  von  N.  Lawrow.  Taf  IV.  and  V.,  p.  239,  in  the 
Yerhandluni^.  der  Russisch-k.  Mineral.  GescU.  zu  St.  Petersburg,  Jahrgang,  1855-66. 

*  In  Bell  8  Btiti»h  Stalk -eyed  Crustacea  this  has  actually  been  done,  but  of  ooorse 
the  Stomapoda  arc  a  perfectly  distinct  group. 

*  The  original  specimeoB  are  preseryed  in  the  British  Museom. 
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head-ihield,  not  upon  these  hom-lDoe  prommenoes  whiciL  ten, 
however,  a  strong  reeemblanoe  to  the  eye-pedioeli  of  lUobitm 
(Compue  Figs.  1,  4^  and  7,  Plate  XXL) 

Turning  onoe  more  to  the  TrUMia^  we  have  in  onr  Flate^  f%i  9 
and  5,  illnstrBtiona  of  two  species  of  AMapki,  A.  expamm  (Fig:  3), 
and  A,  Kawalewikii  (Figs.  4  and  5),  in  which  the  specific  diffcvm 
appears  to  consist  in  the  development  of  the  eja-stalks  in  the  osi 
esse  and  their  suppression  in  the  other.^ 

Mr.  Hollier's  specimen  of  Cabfwuene  (Fig.  1)  and  the  old  Caikfmm 
Blmiunbackii  (Fig.  2)  offer  a  perfectly  parallel  case  to  that  of  the  iso 
Russian  forms  of  A§aphi  (Fig.  3-6).  I  am,  of  oouive,  assmning  tbk 
some  out  of  the  many  specimens  of  Califwieme  BltumetdpoMi  (periufi 
by  far  the  larger  proportion)  had  sessile  eyes  placed  ap<Hi  the  cheeb 
of  the  glabella ;  but  I  feel  equally  certain  that  so  soon  as  Mr.  Holliei^i 
discovery  is  made  known,  many  long-eyed  Calymene  will  be  disoo^vred 
at  Wenlock ;  perhaps  they  already  exist  in  Uie  cabinets  of  some  d 
our  Dudley  friends,  quien  $abef 

It  will  be  for  Mr.  Salter  to  reconsider  this  gesiu  when,  with  • 
fresh  stock  of  health,  which  he  has  been  sccnmolating  at  MalTfln 
and  in  Wales,  he  again  vigorously  takes  up  his  pen  and  pencil  and 
completes  his  admirable  Monograph  on  the  Britii^  Trilobites. 

In  order  however  to  protect  Mr.  Hollier's  discoTeiy  from  bdng 
overlooked  for  want  of  a  distinctive  appellation,  I  propose  to  christeD 
his  specimen  Calymene  cercUophthalma,*  which  (although  a  rather 
long  name)  expresses  well  its  specific  peculiarity. 

In  consequence  of  the  terminations  being  somewhat  cut  away  by 
the  man  who  developed  the  specimen,  I  am  unable  to  define  well  the 
extremities  of  the  eye-pedicels,  but  I  have  used  dotted  lines  in  the 
Plate  to  indicate  what  their  perfect  outline  ap|>ears  to  have  been. 
With  respect  to  the  formation  of  the  eye-stalk  it  will  be  observed, 
by  referring  to  Fig.  4,  that  it  is  partly  composed  of  the  glabella  and 
partly  of  the  cheek,  or  "facial"  portion  of  the  head-shield,  the  suture, 
which  divides  these  regions,  being  clearly  seen  in  the  figure  passing 
up  each  eye-stalk  ;  the  extension  of  the  border  of  the  glabella,  form- 
ing what  may  be  aptly  called  the  "superciliary  border"  above  the 
cornea  of  the  eye,  whilst  the  prolongation  of  the  cheek  or  "facial" 
border  forms  the  lower  and  exterior  portion  of  the  pedicel. 

If  we  compare  the  two  forms  of  eye-stalks  we  shall  perceive  thai 
in  A.  Kotoahwskii  (Figs.  4  and  5)  the  eyes  are  very  erect,  and  diverge 
but  slightly  from  each  other;  in  Calymene  c^iratophihalma  (Fig.  1>  the 
eyes-podicels  are  directed  forwards,  being  little  raised  from  the  plane 
of  the  body,  and  diverge  widely  from  e^ch  other,  curving  outwards  and 
forwards.  I  am  inclined  to  the  opinion  that  the  depressed  plane  of 
the  eye-stalks  is  partly  due  to  compressicm,  and  that,  normally,  they 

^  In  the  4th  edition  of  Murcbison's  ^'Siluria"  (p.  357),  a  figure  ia  gWen  of  the 
ordinary  form  of  Ataphua  erpantust  Wahl.,  in  which  the  eyes  are  quite  sessile,  and 
not  at  all  elovated  above  the  glabella,  as  represented  at  Fig.  3  in  our  rlate.  Another 
example  there  figured,  called  variety  cornuius^  has  its  eves  more  elevated  than  in  oar 
Fig.  3,  but  less  so  than  in  Figs.  4  and  6,  Pi.  XXI.  the  eyes  in  thia  front  viev  are 
seen  to  diverge  laterally,  as  in  our  Calif mene  eeratophthalma, 

^  From  K^fMu,  a  horn :  and,  'O^BoXfihs,  the  eye  shom-eyed. 
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would  have  been  rather  more  elevated  above  the  body ;  but  they 
never  oould  have  occapied  the  same  erect  pontioQ  whion  they  do  in 
A.  KowalewBhii, 

In  glancing  at  the  stmotnre  of  the  eyes  in  Insects  we  find  only 
two  genera  with  pedunculated  eyes  in  the  whole  Class.  These  ooour 
among  the  Diptera ;  Diopsis  wbfaeiaia,  and  Aehias  oadahu,  having 
their  eyes  placed  upon  the  extremities  of  long-fixed  eye-stalks.^ 

Further  investigation  will  no  doubt  afford  additional  information 
on  this  interesting  disooveiy,  meanwhile  I  have  thought  it  so  impor- 
tant that  I  have  at  once  recorded  it,  that  those  best  able  may  add 
firesh  evidence  in  correction  or  corroboration  thereof. 

EXPLANATION    OP   PLATE   XXI. 

Fig.  I.  Cafymtns  eeraiophthalma,  sp.  noT.  Wenlock  Limestone,  Dudley.   Figvred  of 

the  natural  size.   (The  cheeks  and  tail  slightly  restored.)  From  the  ool* 

lection  of  Mr.  E.  Hollier,  Dudley. 
„    2.  Oalymene  Blununbaekiiy  Brong.  Wodock  Shale,  Dudley.    Coiled-np  speci- 
men ;  natural  size.    Figond  to  show  the  usual  condition  of  the  eyes  (o). 
„    3.  Asaphw  expannu  (natural  size)  from  the  Lower  Silurian,  Pnlkowa,  Russia. 

Side-view  of  a  coiled-up  specimen  preserred  in  the  British  Museum. 
,y    4.  A$aphu9  Kowalewaini,  (natural  size),  Lower  Silurian,  Pulkowa,  near  SI. 

Petersburg  (front-yiew  of  a  coiled-up  specimen ;  natural  size), 
y,     5.  A»mphu9  Eowalewskii,  (side-view  of  same  j  natural  size), 
yy    6.  Bncrinunu  variolaritj  side-view  of  a  specimen  from  Dudley,  in  the  British 

Museum,  showing  the  somewhat  prominent  form  of  the  eyes.   (Nat.  size.) 
„    6a.  One  of  the  eyes  of  uie  same  enlarged  to  diow  the  position  of  the  suture  ana 

the  cornea  of  the  eye. 
,,     7.  Ceratoeephalut  Orayianui  (White,  MS  J  (enlarged  three  times)  from  Flinder's 

Island,  Bass*  Straits.    Coll.  Brit  Mus. 
Showing  the  sessile  eyes  (o,  o)  and  the  peeudo-eye-stalks  (p,  p). 
„    8.  Eye-peduncle  of  Geiuimut  platydaetylut^  showing   the   prolongation   of 

peduncle  beyond  the  cornea  of  the  eye. 
9.  Eye-poduncle  or  Oonoplax  angtUatOy  showing  eye  at  the  extremity  of  same. 
10.  Eye-peduncle  of  Oeypoda  eeralophthalma,  showing  jffolongation  of  peduncle 

beyond  the  cornea  of  the  eye. 


II. — On  the  Elevation  or  Mountain  Chains,"  with  a  Speculation 

ON  THE  Cause  or  Yoloanio  Action. 

By  Bby.  0.  FiBKiB,  M.A.,  F.G.S. 

IT  is  some  months  since  I  read  a  paper  at  the  Cambridge  Philo- 
sophical Society,  to  which  reference  has  been  made  in  your 
pages  by  Mr.  Maw.'  I  do  not  think  that  I  shall  be  out  of  order 
in  sending  yon  a  short  outline  of  the  substance  of  it. 

Mr.  Maw's  letter  in  the  March  number  of  the  Magazine  ^  led  me 
to  calculate  what  the  horizontal  pressure  at  any  point  of  a  thin,  outer 
spherical  shell  of  the  earth  might  be,  and  the  result  I  obtained  was 
that  which  Mr.  Maw  has  already  communicated  to  you  from  a 
private  letter  of  mine.  If  you  teSke  into  consideration  a  spherical 
shell  of  a  few  miles  thickness,  and  conceive  it  for  a  moment  unsup- 
ported by  the  matter  within,  then  the  horizontal  pressure  upon  each 

^  Among  the  Araehnida  there  is  a  little  spider  in  the  genus  Walekenmra  {W» 
ttcuminaia),  the  male  of  which  has  a  tall  and  slender  oentnd  fixed  peduncle,  upon 
which  the  eyes  are  placed,  two  at  the  summit  and  four  midway  on  either  side. 
«  See  also  Mr.  Sheer's  Article  at  p.  511.         *  yoLV.p.294.        «  YoLY.p.  149» 
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of  the  oppoche  fiiee  of  bit  cnbicil  element  of  diii  thdi  viTIi 
eq:ul  "Vj  tLe  w«gi;x  c^*  a  oc'lnmii  of  nxk  of  tike  aune  sectknil  ■■ 
szid  deDfirr,  and  of  the  leugih  of  half  the  earth's  zadiBS.  Tm 
wr/nld  be  sTrf&cient  to  crush  any  sSxmta,  and  is^  I  briers,  &  fan 
to  wLicb  the  elevadon  of  momuams  is  doe. 

But  wiiT  sb'.'Tild  the  outer  crost  hare  exer  lost  the  f^fit 
of  the  inner  pi^rdons  of  the  earth  ?  Probeblr  fimn  the  effeca  fl{ 
contraction  in  oooling.  Granites  oontiact  in  T-olmne  in  fMOK 
from  a  fluid  to  a  crrstalline  state,*  and  the  oolnmnar  straoiB 
proves  the  like  for  Basalts.  It  may  be  objected  that  this  is  jA 
true  of  all  bo-iies.  for  aome,  like  water,  expand  in  soHdifnogi 
But  if  it  be  true  of  those  of  irhich  the  oater  layers  of  our  gtibe 
chiefly  consist,  it  is  sufficient  for  my  argument.  Suppose  thai  tiut 
the  intemsil  strata  of  the  earth  have  lost  some  heat  since  the  oats 
crust  became  consolidated,  and  we  have  a  caose  adequate  to  the  ek- 
Tation  of  mountain  chains.  In  this  view  there  is  now  noddsg 
original  (although  I  excogitated  it  for  myself  in  1841)  except  tbil, 
as  far  as  I  know,  the  approximate  amount  of  the  horizontal  oqb- 
pressing  force  has  not  been  calculated  before. 

It  does  not  appear  to  me  that  this  view  requirea  ns  to  suppose  the 
interior  of  tlio  earth  to  have  been  fluid  before  the  mountains  aroie, 
but  only  highly  heated.  There  are  strong  reasons,  as  Professor  Sir 
W.  Thomson  and  ^Ir.  Hopkins  have  shown,  against  supposing  tbe 
earth  generally  fluid  internally.  Sir  W.  Thomson,  in  his  valoable 
I>ai>er  '*  On  the  Secular  Cooling  of  the  Earth,"  *  expresses  an  opinion 
that  "at  depths  greater  tlian  KXJ  miles,  the  wholo  mass,  or  all  except 
a  nucleus  cool  from  the  beginning,  is  (whether  liquid  or  solid)  prL> 
bably  at,  or  very  nearly  at,  the  proper  melting  temperature  for  the 
preKSure  at  each  depth." 

But  since  it  is  rendered  almost  certain  by  other  considerations  that 
it  is  soZi'J,  we  arrive  at  the  conclusion  that  that  solidity  must  be  dae 
tr>  prcKHure.  Kemovo  part  of  the  pressure  and  the  matter  must  pass 
into  a  fluid  state. 

Here,  then,  it  appears  to  mo,  we  find  an  explanation  of  volcanic 
phenomena.  Volcanoes,  for  tlio  most  part,  follow  mountain  chains, 
and  earthquake  phenomena  still  more  constantly  do  so. 

Archdeacon  I'ratt  has  shown  that  the  density  of  the  Earth's  cmst 
beneath  mountain  chains  is  less  than  elsewhere,'  and  it  seems  natural 
that  it  should  bo  so,  if  they  be  corrugations  of  the  surface  formed  by 
lateral  pressure ;  because  the  matter  of  which  the  mountain  is  compoM^ 
will  bo  partly  Bupj)orted  by  the  pressure  which  elevated  it.  Hence 
tliore  is  a  cause  in  diminished  vertical  pressure  why  the  interior  layers 
bonoath  mountains  should  pass  into  a  state  of  fusion,  and  the  water 
contained  in  thcni  assuming,  as  it  ascends,  a  gaseous  state,  will,  under 
favourable  circunisttmces  of  facility  of  exit,  cause  that  ebullition  of 
lava,  in  which  a  volcanic  eruption  essentially  consists. 

It  is  the  general  opinion  at  the  present  time,  that  trains  of  vol- 

*  JukcM*  Muuuul,  p.  06. 

*  Trung.  Uoy.  Soc.  of  Kdinburgh  (and  Phil.  Mag.  Series  4,  Vol.  xzt.)  |  16. 

*  Fig.  of  tho  Karth.    Sd.  £dn.,  Art  116. 
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canoes  are  oonnected  with  internal  lakes  of  molten  matter :  bnt  no 
reason  that  I  know  of  has  been  suggested  for  the  elongated  forms 
which  these  trains  of  voloanoes  assume,  frequently,  as  in  the  Andes, 
following  lines  of  elevation.  The  theory  now  proposed  offers  an 
enlanation  of  this  fact  It  also  explains  the  intermittent  nature  of 
Ycucanio  action,  and  the  migration  of  volcanic  conditions  to  different 
portions  of  the  Earth's  crust  at  successive  geological  epochs. 


IIL — On  Climaxodus,   ob  Pcbcilodus;  a  Palatal  Tooth    tbom 
THE  Low  Main  Coal-Shalb,  Nobthumbbbland. 

By  T.  P.  Babjuls,  Esq. 

rthe  course  of  my  recent  investigations  among  the  fauna  of  the 
Low  Main  Coal-shale  in  the  county  of  Northumberland,  which 
lies  at  an  average  depth  of  about  100  fathoms  from  the  surface,  I 
have  found  among  numerous  fish  and  reptilian  remains  three  spe- 
cimens of  teeth  that  present  the  appearance  of  being  vomerine  in  their 
nature.  The  tooth  hero  represented  in  the  woodcut,  of  the  natural 
size  resembles  exactly  in  size  and  form  another  specimen  which  I 
have  in  my  possession,  the  view  exposed  being  the  front  aspect  of 
the  tooth.  I  have  a  third  specimen,  which  exhibits  the  upper  or 
attached  part  of  the  tooth ;  it  has  a  sharp  curved  appearance,  not 
unlike  the  back  of  a  well- written  letter  S. 

The  only  reference  I  can  find  to  the  tooth  in  question  is  in  Sedg- 
wick and  M'Coy's  "  British  Palssozoic  Fossils ;  "  in  which  work  the 
^enus  is  both  figured  and  described  under  the  name  of  Cltmaxodua. 
Climaxodus  of  M'Coy,  and  Poecilodtis  of  Agassiz  are,  I  am  informed, 
so  nearly  alike,  if  not  absolutely  identical  in  all  their  leading  charac- 
teristics, that  they  may  with  propriety  be,  for  the  future,  treated  as 
one  genus.  If  such  be  the  case,  then  the  older  name  Posctlodua, 
^ven  by  Agassiz,  ought  to  have  the  preference.  But  although 
Agassiz  in  his  *'  Poissons  Fossiles  "  (vol.  iii.  p.  174)  names  the  genus 
Pcecilodus,  and  refers  six  species^  to  it,  none  of  them  have  been 
either  figured  or  described  by  him,  and  I  am  therefore  without  the' 
means  of  determining  the  generic  relationship  to  the  teeth  I  have  found.* 

Assuming  that  ClimaxodM  and  Poecilodua  are  identical,  I  adopt  the 
former  name,  which,  although  not  the  older,  has  the  claim  to  be 
accepted,  as  it  is  accompanied  by  both  figure  and  description.  The 
following  is  the  description  of  M'Coy's  genus  and  species  extracted 
from  Sedgwick  and  McCoy's  "  British  PaJseozoic  Fossils,"  p.  620. 

Genus,  Climaxodus  (M'Coy). 

"  Gen.  Char. — Tooth  longer  than  wide,  gradually  narrowing  to- 
wards the  front,  with  nearly  straight  sides ;  anterior  part  of  the 
crown  crossed  by  broad,  imbricating,  transverse  ridges  at  right  angles 
to  its  length ;  surface  minutely  punctured. 

"  The  above  generic  name  has  reference  to  the  remarkable  step-like 
character  of  the  ridges  which  cross  the  anterior  part  of  the  tooth  at 
regular  intervals.     The  broad  posterior  part  of  the  tooth  is  without 

*  P.  anguttusy  P.  Jonesii^  P.  obliqum^  P.  paraUelua^  P.  sublatnSt  P.  irampertus, 
'  Certain  teeth  from  the  Carbomferous  shale  of  Carluke,  in  the  British  Moseiim, 
have  been  named  Facilodu*  obliquui^  Agassiz. 
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muxam  v..  K  -intia^  r.(  -iji  s^tdi^  it  '\m\\\  liiiii  at  ok^  «■!, log 
MT^E,li=i=a  J.c^£T«u>iftuIf  Has  widett  tbe  ImiiiI  i^l.  ■■ilihw 
\hifA  «oi«  c  Ur»  iciaVr  ^:>i;  ce  aaiskz-  pcrtiaa  of  ibe  oovmii 
cr-.Mei  £7  M-T«E.  tncfTCK  isirifftHg  litres  in  %  sfmai^tim 
hrjui.  ^x  pjSjxirjr  'i^i/ta  e^  ^n^twrita  c£  »  line  ^Mrt,  Mti  km  1 
ir.iV.i  'XrtKsn  »-^«^g  &jb  ft  saill  Iwckwnd  ware  in  tbe  mi&. 
tLt  *L.im-,i  'jcfia  sn  dowr.  Bod  pM  widi  a  sl^fe  tn^mii  nm 
MTvu  tL%  VjTii ;  >I1  xfae  imbticuiaBS  hxvK  »  b«A«arf  ennt  a 
tLMr  txtnzJti**.  giTtn^  di«ra  tbe  ^ipeannce  of  Ikp^cog  imnd  tte 
CTVWT.,  ftiLi  &!1  Lar«  ibstr  &ee  edges  dinned  badnranls,  soMtD 
nMiniU  a  i^w  of  Ptialodi  or  oAer  dnA't  teetfa  aoldsed  iogAa 
in  tbe  j/jtiuon  tb«T  naiuIlT  oocopr.  one  b^dnd  tbe  otha;  At 
^^steivir  Wf  u  wiiiivot  ridfies ;  die  wlwle  cnnm  i*  sIigfatlT  codtb 
•t  tLe  ndes  and  cr^naTe  in  the  middle ;  die  nuboe  ia  dull,  and  tm 
bf  tb«  l^u  Uj  l>«  finely  poncated." 

"  Potiluim  and  Locality. — Bai«  in  the  dsA  impnrv  limeshnie  onr- 
Ijing  the  Toain  Carbon if'Sroos  IhaestoDe  of  Derbjshire.'' 

' '  ilic-  above  is  figured  pt.  tii.  G,  6g.  5,  natotal  size  ;  fi^.  oa,  portioD 
of  iiiirfa'.'<i}  of  ditto  magDified." 

Th<:  following  is  a  brief  description  of  the  tooth  now  figond  (i« 
Woodcut  j  : — 


Qc!!!.  Cliar.  Tooth  longer  than  wide,  rapidly  narrowing  towards 
tho  hiKsk,  tlie  entire  crown  crossed  by  broad,  transyerae  ridges  at 
right  angles  to  its  length ;  surface  irregular  and  smooth.  The  fint 
ridgo  is  one-fourth  the  length  of  the  tooth  from  its  anterior  part. 

'  May  not  then  cquilttcral  t«cth  hare  boen  the  Tomemi«,  tad  the  oblique  torth. 
Mlleil  i'aeHadut,  hiTO  bfloa^  rupectiTelj'  to  tlia  right  and  left  nmi  of  the  loirer 
Jaw  of  the  wnio  ttih,  theii  ibnctun  and  nswd  wnilaritT  of  Ibna  beiiur  the  same  r— 
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Climaxodua  ovattu,  ep.  nov.  The  specimeii  is  perfect,  the  length 
being  one  inch,  width  at  broadest  part  seyen-tenthB,  and  at  narrow 
posterior  end  fiye-tenths ;  the  crown  is  crossed  by  five  transverse 
ridges,  the  distance  between  the  ridges  uniformly  diminishes  from 
£ront  to  back  of  tooth ;  the  crown  is  considerably  conyex  except  be- 
tween the  first  transverse  ridge  and  the  anterior  edge  of  the  tooth, 
where  it  is  slightly  concave ;  the  summit  of  each  ridge  is  marked  at 
right  angles  to  the  ridges,  or  from  front  to  back  of  the  tooth  with 
dose,  nearly  parallel  lines  consisting  of  a  cream-coloured  irridescent 
substance.  The  tooth  is  attached  to  a  long  plate,  the  length  of  which 
is  one-third  greater  than  that  of  the  tooth,  and  towards  the  posterior 
part  of  the  tooth  the  supporting  plate  presents  a  root^like  appear- 
ance ;  the  thickness  of  the  tooth  is  one-tenth  of  an  inch,  that  of  the 
plate  to  which  it  is  attached  one-eighth  of  an  inch.  The  structure 
of  the  bony  plate  is  open  and  reticulated,  closely  resembling  in 
structure  the  base  of  the  palatal  teeth  of  the  Ctenodu 

In  a  lecture  which  I  delivered  to  the  members  of  the  Mechanics' 
Institution,  Newcastle-on-Tyne,  on  28th  September,  on  the  Fauna  of 
the  Low  Main  Coal-shale,  I  described  and  named  the  only  specimen 
then  in  my  possession  as  Cltmaxodus  ovatus.  To-day  (October  10) 
I  have  heard  that  Mr.  Atthey,  of  Gosforth,  read  a  paper  before  the 
members  of  the  Tyneside  Naturalists'  Field-club  yesterday,  the  9th, 
and  described  a  similar  tooth  found  by  him  during  his  long  and 
painstaking  researches  in  this  department  of  palseontology.  How 
many  specimens  Mr.  Atthey  has  in  his  possession,  or  what  is  their 
state  of  preservation,  I  have  not  been  informed. 

In  order  to  obtain  reliable  information  respecting  fish  and  reptile 
remains  found  in  the  Coal-measures,  I  have  found  it  necessary  to 
search  many,  works,  generally  inaccessible  to  most  local  geologists. 
It  has  occurred  to  me  that  a  popular  exposition  of  the  fishes  and 
reptiles  of  the  Coal-measures,  with  a  few  typical  illustrations,  taking 
each  genus  in  its  order,  might  prove  of  great  service  to  those  readers 
of  the  Geoloqigal  Maqazine  who  have  not  made  Carboniferous 
fossils  a  speciality,  and  who  desire  a  popular  exposition  of  the  fossils 
that  are  now  becoming  somewhat  plentifully  distributed  throughout 
the  kingdom.  I  commend  this  suggestion  to  those  of  your  contri- 
butors who  have  made  the  Carboniferous  system  a  study,  and  who 
have  access  to  the  most  recent  specimens  and  works  upon  the  subject. 

rV. — The  Eanok  and  Distkibxjtion  of  Bbittsh  Fossil  Brachiopoda* 

By  J.  LooAN  LoBLBT,  F.G.S. 

IN  the  following  brief  remarks  on  the  range  and  distribution  of 
Brachiopoda  in  British  strata,  and  in  the  accompanying  tables, 
the  classification  of  Dr.  Davidson  has  been  mainly  followed ;  and  the 
calculations  of  the  numbers  have  been  principally  based  on  the  re- 
searches of  that  great  authority,  though  the  recent  discoveries  of 
Mr.  C.  Moore  and  others  have  been  duly  taken  into  consideration. 
These  niunbers  must,  of  course,  only  be  regarded  as  showing  the 
present  state  of  knowledge  on  the  subject,  as  Uie  active  search  which 
many  observers  are  making  will  doubtless  materially  alter  the  figures 
here  given. 


4V)S         Lobiey—D'utrihution  of  BritisA  Braelmqtoia. 

The  clus  }lrtif]bii>(VHl(i  »  ropresented  ia  BritiBh  rocki  br  47 gaa I 
MDil  Mi1>-!rt>non.  A  which  a  complete  list  is  given  in  tlu  fDlloviif  9 
tnMc.  Thi>  ^imifrio  nanios  are  arranged  in  the  order  of  the  iucoBii;! 
Ot  I'.iTiiesi  A!>]kvirtu)i.'o  of  cncli  fienus.  and  the  table  shows  the  dsb' 
of  »]>\-ir#  i<f  I'ik'li  p.'nHe  in  «ach  of  the  great  groups  of  firitiiii  n 
in  Mi.ii'li  ii  h.'v;  Ixvn  found.  The  nt^teriaks  indicate  the  geuenvU  I 
atv  liviiij:  ill  ihi-  |irv*i>iii  seas  of  our  globe. 
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Of  the  species  composing  these  genera  and  sub-genera,  very  few 
:  have  a  range  extending  through  more  than  one  or  two  formations, 
.  while  several,  as  Terehratula  fimbria  for  example,  characterise  a  par- 
;  ticular  zone  or  stratum  of,  in  some  instances,  not  more  than  a  few 
;  inches  in  thickness.  The  elaborate  works  of  Dr.  Davidson,  however, 
g^ve  with  so  much  minuteness  the  range  of  particular  species  that  I 
will  pass  on  to  a  brief  consideration  of  the  range  and  distribution  of 
'   the  genera  and  sub-genera. 

The  oldest  of  all  the  Brachiopods  is  the  lAngtdella — L.  ferruginea 
having  been  found  by  Dr.  Hicks  in  Cambrian  rocks.  This  genus 
ranges  through  the  Primordial  Silurian .  group,  giving  name  to  the 
Lingula  flags,  in  which  LingtUella  Davisii  is  exceedingly  abundaat. 
Above  the  Tremadoc  slates,  lAngulella  has  not,  with  certainty,  been 
foimd.  Oholella  liaving  recently  been  found  in  tlio  Upper  Longmynd 
rocks,  must  bo  placed  next.  This  genus,  like  lAngulella,  attains  its 
maximum  dovclo]iment  in  the  Primordial  Silurian ;  and  dies  out  in  the 
lilandeilo  rocks,  in  which  only  one  species  has  liithcrto  been  discovered. 
A  Discina  has,  it  is  said,  been  also  found  in  older  rocks  than  any 
ha'ving  a  right  to  a  place  in  the  Primordial  Silurian,  and  therefore 
that  genus  is  entitled  to  the  third  place.  DisciHa,  however,  has  a 
much  greater  range  than  the  two  previously  mentioned  genera,  since 
it  is  found  in  Palaeozoic,  Mosozoic,  and  in  Cainozoic  stmta,  and  is, 
moreover,  a  living  genus  at  the  present  day,  though  it  has  been 
searched  for  in  vain  in  many  formations  l)oth  in  the  Palaeozoic  and 
Mesozoic  groups.  The  greatest  number  of  species  of  Discina  have 
been  taken  from  Caradoc  strata,  though  not  more  than  five  well- 
marked  species  have  been  discovered  in  these  rocks. 

The  very  important  genus  Orthis  is  represented  by  no  less  than 
30  species  in  the  Caradoc  rocks,  but  its  range  has  not  been  found  to 
extend  further  than  from  the  Primordial  Silurian  to  the  Carboniferous 
Limestone. 

lAngulay  of  which  lAngulella  may  be  termed  perhaps  rather  a  sub- 
genus than  considered  a  separate  genus,  appears  next,  and  has  a 
range  from  the  Primordial  Silurian  to  the  latest  fonnations,  and  lives 
in  the  present  seas  of  the  world.  It  is  not,  however,  in  any  forma- 
tion represented  by  many  species,  and  in  not  any  of  the  Mesozoic  or 
Cainozoic  rocks  do  we  find  more  than  one  species.  The  genus 
attained  its  maximum  development  in  tlie  Llandeilo  rocks,  in  which 
eight  species  have  been  discovered. 

Crania  will  bo  seen  to  have  a  very  long  range,  but  it  is  represented 
by  very  few  species. 

The  important  genus  Rhynchonella  commences  in  the  Caradoc  and 
ranges  to  the  present  time,  R.  psittac.ca  being  found  lining  in  the 
Northern  seas.  It  is  largely  represented  in  Silurian,  Devonian, 
Carboniferous,  Oolitic,  and  Cretaceous  rocks,  but  only  one  species 
has  b(jcn  found  in  Tertiary  strata. 

Spirifcra,  the  next  genus,  has  its  maximum  number  of  species  in 
Carboniferous  rocks,  in  which  we  find  no  fewer  than  27  well-marked 
species.  Mr.  C.  Moore  has  discovered  two  species  in  the  Inferior 
Oolite,  in  which  this  genus  appears  to  have  died  out. 
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rwBiLZ  orer  MiiHAi  genefa  wbidL  iuto  cm  hiumj ili \ vtj  iDtHt 
nnz"^  ^e  fixkd  die  wdU-known  TgiietffMla  oommencbig  in  tk 
Midile  D^TOBim.  hftTxng  m  giett  drrelopnie&t  m  Oolitic  SDd(W 
tioeoas  strmsa.  and  Ojotmnmg  to  the  prasent  tone. 

We  next  find  Mmtia  and  UmeUet  with  one  i^ieciee  eedi  in  ilie 
Middle  DeTooian.  Camarapkoria  next,  and  then  Dand§omimf  of  vUflk 
one  species  onlj  has  up  to  the  present  time  been  diacoveicd  ii 


Prodmeims  has  a  Terr  lemaiUble  range  and  diatribaiioii.  1^ 
first  species  vre  find  in  Middle  Deronian,  thiee  in  Upper,  and  m 
leas  than  41  in  Carhoniferons  Limestone;  after  which  oidy  two 
species  appear,  and  these  are  in  the  Pennian  Magnesian  Liimestcne. 

Sirinyoeq^kolms  and  Bema^eUenOj  two  genera  with  only  one  speciei 
to  represent  each,  are  also  in  the  Middle  Devonian. 

Sir&pkalona  we  find  in  Upper  Devonian  strata,  and  thia  is  the  lilt 
of  the  Paleozoic  Brachiopods. 

In  Mesozoic  rocks,  TkeMimmj  Zettamia,  Argiopey  TenbraimUmi,  and 
Waldkeimia  all  commence  in  the  Lias,  Ter^raieUa  in  the  Gveit 
Oolite,  and  MegerlUiy  TertbrirotArOj  IWyowosgaias,  and  Maga»  in  Cre- 
taceous formations,  the  last-named  genus  not  heing  fcmnd  lower  thin 
the  Chalk ;  and  as  no  goius  is  known  to  commenoe  its  range  in 
Cainozoic  strata,  Magas  may  he  considered,  aooording  to  oar  pie- 
sent  knowledge,  the  newest  of  British  fossil  Braohiopoda^ 

Eleven  genera  are  represented  bj  species  now  living  in  the  seat 
of  our  .globe,  and  are  therefore  recent  as  well  as  fossil  genera.  Of 
these  Discina,  lAngula,  Crania,  BkifnehmeUa,  and  TerehraUda,  range 
upwards  from  Palaeozoic  rocks. 

The  genera  LeptcBna,  Spiri/era,  and  Spiriferina,  range  ^m  Paleo- 
zoic into  ^lesozoic,  but  do  not  reach  Cainozoic  strata,  while  there  are 
no  less  than  twelve  genera,  each  of  which  is  characteristic  of  a  single 
formation,  or  minor  group  of  strata. 

The  following  is  a  list  of  the  species  of  these  twelve  genera  with 
the  names  of  the  formations,  or  groups,  characterised  by  them.  It  will 
be  seen  that  only  two  of  these  genera,  Orf&tstna  and  Orbiculaideat 
are  represented  by  more  than  one  species  each. 

Kuiorgina  cingulata^  Bill.,  Primordial  Silurian. 
Acrotreta  Nichoisoni,  Day.,  Llandeilo. 
Orthisina  ascendens.  Pander  )  ^^ 

Orbieuloidem  Becketiiana,  Jay.  )  ^^,j^^ 

„  Forbetttt        Day.  f 

Ntieleospira  pisum^  Sow.  sp.,  Wenlock. 
Merisia  pUbeia,  Sow.,  Middle  Deyonian. 
Uheitft  gryphu*y  Schl.,  Middle  Deyonian. 
Davidaonia  Vemeuilii^  Yon  Bnch,  Middle  Deyonian. 
Stringocfphalus  Burtini,  Def.,  Middle  Deyonian. 
BeMutlteria  Mtringicfpt,  Roem,  Middle  Deyonian. 
Teredriroitra  lyra^  Sow.,  Upper  Greenaand. 
M<iga9  pumiloy  Sow.,  Chalk. 

Thirty  genera  are  essentially  PalsBOzoic,  and  eight  genera  have 
not  been  found  in  any  other  than  Mesozoio  strata,  though  four  of 
these  have  living  representatives,  while  not  one  genua  can  be  con- 
sidered dharacteristio  of  Cainozoic  strata. 
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Prooeeding  now  to  the  consideration  of  the  range  and  distribution 
of  the  nine  families  in  which  all  the  British  fossU  Brachiopoda  may 
be  placed,  we  find  that  nearly  every  family  has  had  a  long  range  in 
time,  and  that  six  are  represented  by  recent  species. 

The  following  table  shows  the  number  of  species  of  eacb  &nuly 
in  each  System  or  principal  group  of  British  strata. 
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The  family  of  Produetida,  represented  by  the  Chonetes  in  the  Lland- 
overy rocks,  greatly  abounding  in  the  form  of  Productua  in  the 
Oarboniferous  Limestone,  dies  out  in  the  Permian,  and  is  therefore 
a  characteristically  PalsBOzoic  family. 

ThecididcRy  on  the  other  hand,  are  dbaracteristically  Mesozoic,  as  they 
have  not  hitherto  been  found  in  strata  older  than  the  Middle  Lias,  or 
newer  than  the  Chalk.  We  thus  have  one  family  essentially  PalaBO- 
zoic  and  one  family  characteristic  of  Mesozoic  strata.  Having  no 
genus  we  have  no  family  confined  to  Cainozoic  strata,  each  great 
type  of  form  in  the  Brachiopoda  having  come  into  existence  long 
previously,  the  latest  family  being  the  Theddida. 

Although  not  entirely  confined  to  Palsdozoic  strata,  the  family  of 
Strophomenida  may  almost  be  said  to  be  characteristic  of  these  rocks, 
since  it  is  so  largely  represented  in  the  strata  below  the  Coal,  and 
ifl  only  found  in  rocks  newer  than  the  Permian  represented  by  a  few 
species  of  one  genus,  Leptana,  found  in  the  Lias. 

Spiriferida,  too,  are  very  largely  represented  in  Palaeozoic  strata, 
and  very  sparingly  in  Mesozoic,  eight  species  only  having  been 
discovered  in  strata  above  the  Permian. 

The  families  which  range  from  the  Palaeozoic  rocks  to  the  present 
time,  and  now  represented  by  living  species,  are  lAngtUida,  Discinida, 
Craniada,  Rhynchonellida,  and  Terd^ratulida. 

Of  these  the  first,  Lingtdidce,  as  we  have  before  seen,  is  the  oldest 
of  all  the  families  of  Brachiopoda,  and  has  been  found  in  nearly 
every  group  of  rocks  from  the  Cambrian  to  the  Eocene,  though  repre- 
sented by  very  few  species  in  any,  the  greatest  number  of  species  of 
Lingulida  being  found  in  the  Primordial  Silurian  rocks,  in  which  not 
more  than  ten  well-defined  species  have  hitherto  been  discovered. 
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If  it  be  admitted  that  a  Disetna  has  been  found  in  Cambria 
strata,  the  range  of  the  fiBLinily  of  IHseinida  will  be  similar  to  tibtf 
of  lAngulida,  since  we  find  the  genus  Disdna  living  in  botli  tb 
Atlantic  and  Pacific  Oceans.  This  family  is  also  represented  bj 
very  few  species  in  any  formation,  the  itn^itimnrn  number  being  ax 
in  the  Wenlock  rocks. 

The  Craniada  are  even  more  sparingly  represented  than  adwr 
the  LinguUdts  or  Discinida  (there  being  only  one  genus),  lai 
they  appear  in  a  much  smaller  number  of  formations. 

BhjfnchoneUid4e  first  appear  in  the  Caradoc  strata^  represented  If 
the  typical  genus  Bhynchanella,  and  only  one  species.  In  the  Llan- 
dovery strata,  however,  it  is  a  much  more  important  family ;  for  ii 
these  rocks  we  find  four  genera  and  twenty  species  to  lepresenft 
it.  In  the  Wenlock  rocks  the  same  number  of  genera  and 
nineteen  species  have  been  found ;  but  when  we  examine  Ludlow 
strata,  wo  only  find  two  genera  and  seven  species  of  BhynehomUidA 
This  important  family  is  largely  represented  in  the  Devonian  m^ 
— the  Middle  Devonian  especially,  which  has  yielded  three  genera 
and  eighteen  species.  The  Upper  Devonian  beds  do  not  contain 
more  than  four  species,  but  in  the  Carboniferous  rocks  we  hsn 
sixteen  species.  Three  species  have  been  taken  from  Permian  rocki, 
above  which  all  the  generic  forms  except  BhynchoneLla  are  absent 
The  greatest  number  of  genera  of  Bhynch(mellidl<B  is  to  be  found  in  the 
Llandovery  and  Wenlock  rocks,  but  the  greatest  number  of  species  in 
the  Inferior  Oolite,  in  which  the  typical  genus  Bhynchonella  obtains 
a  great  development. 

The  family  of  Tcrehrat\did<B  is  a  very  important  one;  not  only 
from  the  abundance  of  the  typical  form  Terebraiula  in  many  rocks, 
but  also  from  the  great  number  and  interesting  character  of  the 
genera  into  which  the  family  has  been  divided.     No  less  tlian  twelve 
genera    and   sub-gonera   of  British   fossil  Brachiopoda   have   been 
described  as  belonging  to  this  family.     Of  these  genera  only  three, 
Terehratida,  StrimjocephaluSy  and  Benasel^xria,  are  Paljeozoic  ;  Stringo- 
eephaltis  and  Roisselaria  being  confined  to  the  Middle  Devonian,  in 
which  also  the  typical  form  Terebratida  first  makes  its  appearance. 
Six  genera,  Tcrehratula,  Zellania,  Waldheimiaf  Terehratella,  Terebra- 
tulina^  and  Argiope  appear  in  the  Lower  Mesozoic  rocks,  the  greater 
numl>er  of  generic  forms  of  Terebrattdida  being  found  in  Cretaceous 
strata ;  and  in  these  rocks  no  less  than  nine  genera  have  been  dis- 
covered.    We  thus  have  the  greatest  number  of  genera  of   T^re^ 
bratulidcp  in  Cretaceous  rocks  ;  but  the  greatest  number  of  species  in 
the  Inferior  Oolite,  in  which  twenty-two  species  have  been  found. 
TerebratuHdce  is  very  weakly  repi-osented  in  Cainozoic  strata ;  Tere- 
bratulay   Terehraiulinay  and  Argiope,  only  having  been  discovered. 
These    genera,    with    three    others,   Terebratdla,   Waldhetmioy  and 
Megerliaf  existing  in  the  present  seas, 

W^hcn  wo  consider  the  range,  distribution,  increment,  decrement 
and  maximum  development  of  the  class  without  reference  to  its 
separate  genera  or  families,  we  find  that  the  class  Brachiopoda  is 
represented  in  British  strata  by  a  very  large  number  of  species,  some 
of  which  are  found  in  almost  every  geological  formation.    (>>ming 


m^ 
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into  existence,  as  far  at)  we  yet  know,  in  Cambrian  times,  BrcuhiO' 
poda  abounded  in  Silurian  seas,  but  the  class  attained  its  maximum 
development  in  the  Carboniferous  period.  A  small  number  of 
species  have  been  taken  from  Permian  rocks,  but  Triassio  strata  have 
not  hitherto  yielded  us  any.  When  we  examine  Liassic  and  Oolitic 
strata,  we  find  again  a  large  number  of  species,  which,  however, 
become  fewer  as  we  ascend  the  scale,  xmtil  we  reach  the  Portland 
rocks,  in  which  no  Brachiopod  has  been  discovered.  The  class  again 
increases  in  importance  in  Cretaceous  strata,  and  again  diminishes 
in  Tertiary  formations,  which  have  hitherto  furnished  us  with  not 
more  than  eight  or  nine  species.  Of  living  Brachiapoda  seventy 
species  have  been  described ;  these  have  a  wide  geographical  range, 
and  have  been  found  both  in  littoral  waters  and  in  seas  of  great  depth. 
Although  in  British  seas  Brachiopods  are  very  rare,  yet  they  are 
by  no  means  so  in  the  seas  of  Southern  latitudes,  the  bays  and 
harbours  of  Australia  swarming  with  WMheima  and  other  forms  of 
this  interesting  and  remarkable  class  of  the  animal  kingdom. 
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V. — On  thb  Classification  of  Books. 

By  Capt.  F.  W.  Button,  F.G.S. 

0  one,  I  think,  will  deny  that  geology  is  far  behind  all  the  other 
sciences  in  the  classification  of  those  substances  which  form  its 
special  study,  viz.,  rocks.  No  two  authors  agree  on  the  subject,  and 
no  one  seems  to  have  attempted  to  form  a  scientific  classification, 
based  on  a  natural  system. 

The  reason  perhaps  is,  that  nearly  all  the  classifications  we  have 
are  from  the  hands  of  chemists  and  mineralogists  rather  than  geolo- 
gists ;  and  no  geologist,  therefore,  can  admit  their  systems  as  natural, 
or  as  adapted  to  his  purpose.  How,  for  instance,  could  a  geologist 
think  of  classifying  an  aphanite-slate,  interbedded  with  quartzite  and 
day-slate,  with  an  aphanite  dyke  cutting  across  the  rocks  in  an 
uncertain  direction  ?  It  is  absolutely  essential  for  him  to  determine 
to  which  class  the  piece  of  aphanite  he  may  just  have  broken  off  with 
his  hammer  belongs,  as  it  will  make  a  vast  difiference  in  the  structure 
of  the  country  he  is  examining,  and  in  the  geological  map  of  the 
district.  Cotta,  indeed,  says  that.  **  we  cannot  lay  down  a  logically 
complete  system  of  classification,  to  embrace  all  rocks,  on  any 
principle."  In  this  I  quite  agree  with  him ;  but  any  one  principle 
means  an  artificial  classification,  and  I  believe  that  it  is  quite  possible 
to  form  a  natural  system  complete  enough  to  answer  all  the  wants  of 
a  geologist,  and  I  hope  that  I  shall  not  be  considered  presumptuous 
for  having,  with  this  view,  drawn  out  the  following  table,  in  which 
I  have  tried  to  make  the  rocks  fall  into  as  natural  groups  as  possible. 
That  I  have  not  succeeded  in  all  cases  I  am  the  first  to  admit,  but  I 
hope  that  it  will  not  be  without  its  use  in  showing  wliat  appears  to 
me  to  be  the  most  natural  system  that  we  can  adopt  at  present. 

In  drawing  up  this  table  I  have  tried  to  base  the  different  divisions, 
etc.,  on  facts  well  established,  and  not  on  debated  theoretical  points. 
This  has  led  me  to  reject,  after  much  consideration,  some  names  in 
common  use,  such  as  **  Igneous,"  '^ Intrusive,"  etc,  and  to  %\A^^\a^3(^^Kk 
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others  which,  I  hope,  will  not  be  open  to  the  same  objectioiL  Tb 
nsual  mode  of  making  the  Metamoiphio,  PlotoniOy  and  YolcflDC 
rocks  form  separate  classes  is,  in  my  opinion^  hi^ily  artificial,  m  ^ 
separates  widely  many  rooks  closely  connected  both  chemiodlj  ni 
geologically.  I  have  therefore  used  these  terme  to  sepaiate  only  ihB 
sections  chemically  related  into  allied  groups,  and  ba^e  taken  tte 
original  formation  of  the  rocks  themselves  as  the  basis  for  din&f 
them  into  the  larger  classes  and  divisions. 

I  prefer  the  terms  "subaarial"  and  ''subaqueous"  to  ^oriil' 
and  ''  aqueous/'  as  they  better  describe  the  position  of  the  lock  whw 
being  formed,  and  the  complimentary  term  ''subterranean"  impPw 
no  theory ;  so  that  although  some  geologists  might  maintain  tint 
granite  is  an  aqueous  rock,  none  wonld  insist  upon  its  being  "  rab> 
aqueous,"  or  produced  in  its  present  form  under  water ;  ua  I  als) 
think  that  none  will  be  inclined  to  deny  that  the  rocks  in  the  ''lab- 
terrancan"  class  have  received  their  fmal  form,  in  "which  we  now 
see  them,  below  the  earth.  It  may,  indeed,  be  objected  that  tbi 
Volcanic  groups  were  solidified,  and  therefore  formed  above  tli» 
earth ;  but,  to  my  mind,  these  rocks  were  chemically-  formed  in  tiie 
Volcano,  and  the  fact  of  their  having  cooled  on  the  surface  as  lan» 
or  below  the  earth  as  dykes,  makes  no  essential  dififerenoe,  althong^ 
it  may  constitute  varieties.  The  case  is  quite  dififerent  with  ths 
ejected  tuffs  and  tufas.  When  they  were  below  the  earth  they  wen 
lavas,  and  it  was  not  until  they  were  ejected,  and  mixed  with  other 
substances,  that  they  became  tuffs. 

The  division  of  the  subserial  class  that  I  have  called  "  conflated'* 
is  a  very  important  one  in  many  parts  of  the  world,  and  ought  not 
by  any  means  to  be  omitted.  Hero,  for  instance,  in  New  Zealand, 
it  sometimes  forms  hills  500  and  600  feet  high,  rudely  stratified, 
and  bound  together  with  hard  ferruginous  cement,  and  often  dis- 
playing beautiful  examples  of  cross  bedding. 

In  the  "Ejected"  and  "Tufaceous"  divisions  it  will  be  noticed 
that  I  have  confined  the  word  "tuff"  to  subserial  accumulations, 
and  "Tufa"  to  subaqueous  ones.  Geologically  this  distinction  is 
important,  for  besides  the  different  relations  of  land  to  water  that 
they  show,  tuffs  always  mark  the  site  of  a  volcano,  while  tufas  may 
be  found  many  miles  distant  from  the  point  of  eruption.  I  should 
consider  the  mud  streams  that  sometimes  run  down  the  sides  of  a 
volcano  as  a  variety  of  tuff. 

Tlie  metamori)hic  groups  of  the  Tufaceous  division  may  be  open 
to  objection  as  too  theoretical,  but  if  we  allow  volcanic  action  to 
have  taken  place  during  Palaeozoic  times,  tu&s  must  have  been 
formed,  and  some  must  now  exist  in  a  metamorphosed  condition ;  so 
that  supposing  it  shown  that  some  of  the  rocks  placed  in  these 
groups  had  not  a  tufaceous  origin,  still  the  error  would  be  in  the 
arrangement  of  the  rocks  in  the  system  and  not  in  the  system  itself. 
The  tufaceous  rocks  are,  no  doubt,  nearly  as  much  entitled  to  the 
name  "ejected"  as  the  subserial  tuffs,  but  I  have  thought  it  better 
that  each  of  the  divisions  should  have  a  distinct  name,  and  the  rocks 
belonging  to  the  tufaceous  division  are  often  mixed  with  sand,  etc, 
and  so  are  not  altogether  ejected. 
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The  ''Chemioo-organio"  division  wants  more  alteration  than  any 
yf  the  others,  and  might,  perhaps,  be  split  up  into  sub-sections  and 
Bub-groups  with  advantage.  I  have,  however,  kept  them  all  together, 
for  at  present  it  is  impossible  to  say  with  certainty  whether  some 
of  the  members  owe  their  origin  to  organic  or  chemical  causes ;  and 
they  form  on  the  whole  a  very  natural  group. 

Of  the  "Detrital"  rocks  little  need  be  said.  I  have  placed  the 
Conglomerates  and  Breccias  in  a  section  by  themselves,  for  although 
they  are  often  very  different  chemically,  they  are  always  the  proof 
of  peculiar  geological  conditions  having  existed  when  they  were 
formed. 

The  **  Subterranean"  rocks  I  have  separated  into  two  divisions 
that  have  a  very  important  geological  distinction.  The  '^  Funda- 
mental" rocks  are  those  that  have  been  metamorphosed,  or,  at  any 
rate,  have  assumed  their  present  appearance,  in  the  place  where  they 
were  originally  formed,  so  that  they  generally  occupy  large  districts ; 
while  the  "Migrated"  rocks  are  those  that  have  been  forced  from 
the  position  in  which  they  were  first  formed,  and  are  now  seen, 
either  as  dykes  or  lava  streams,  only  in  isolated  patches. 

It  will  be  noticed  that  some  rocks  occur  in  two  places  in  the  table. 
This  is  owing  to  rocks  that  we  now  call  under  one  name  having  had 
two  different  origins.  All  stratified  felstones,  a  not  uncommon  rock 
in  some  districts,  I  look  upon  as  metamorphosed  trachytic  tufas, 
while  felstone  dykes  could  not  have  been  thus  formed ;  and  although 
both  rocks  may  have  the  same  chemical  composition,  they  should 
still  have  different  names.  The  same  may  be  said  with  respect  to 
that  geological  sphinx — Serpentine.  The  behaviour  of  massive  ser- 
pentine is  so  different  from  that  found  in  dykes,  that  in  a  geological 
classification  they  must  be  separated. 

It  may  be  asked  why  have  I  removed  Clay-slate  so  far  from  Mica- 
schist  and  its  associated  rocks  ?  and  why  should  not  Gneiss  be  classed 
as  a  metamorphosed  sandstone  equally  as  much  as  Quartzite  ?  My 
answer  is  that  the  sub-aqueous  origin  of  Clay-slate,  Phyllite,  Quart- 
zite, and  Granular  limestone  is  quite  apparent,  while  that  of  Gneiss, 
Mica-schist,  etc.,  is  not  so  ;  and  that  the  schists  are  constantly  asso- 
ciated together,  while  the  others  are  often  interbedded  with  only 
hemimetamorphic  rocks  and  could  not  be  considered  as  fundamental ; 
whilst,  on  the  other  hand,  to  place  Gneiss,  Mica-schist,  etc.,  among 
the  metamorphic  Detrital  rocks  would  be  to  admit  a  theory  and  to 
break  up  a  geologically  natural  group ;  for  if  we  admit  Gneiss  among 
the  Detrital  rocks  why  not  granite  also  ? 

It  may  also  be  objected  that  this  arrangement  separates  too  widely 
the  lavas  from  the  mechanically  formed  accompaniments  of  volcanic 
eruptions.  If,  however,  we  consider  the  series  as  circular  and  not 
linear,  they  will  be  placed  in  as  close  juxtaposition  as  possible,  con- 
sidering the  very  different  aspect  and  mode  of  formation  of  the  two. 

Many  other  objections  will  no  doubt  be  pointed  out,  but  I  think 

that  enough  has  been  said  to  explain  the  principles  on  which  this 

classification  of  rocks  is  based ;  and  I  do  not  wish  it  to  be  supposed 

for  a  moment  that  I  think  that  I  have  completed  so  difficult  a  task ; 
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my  only  hope  is  that  I  may  haire  soggested  the 
Older  may  be  intzodnoed  into  a  anbjeot  whk^ 
imagine,  in  a  great  state  of  oonfhsion. 
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L — On  the  Htpothebis  or  thb  Intsbnal  Fluiditt  of  ths 

Tkbrbstbial  Globb. 

By  M.  Dblaunat,  Acad^mie  dee  Seienoes,  Stance  da  18  Jafllet  1868. 
[Commiinicated  by  Datid  Fobbv,  F.R.S.,  4bc.] 

A  PROFOUND  study  of  the  several  circomstanoes  of  tiie  fonn, 
composition,  and  temperature  of  the  materials  which  oonstitate 
ihe  surface  of  the  terrestrial  globe  leads  to  the  admission  that  its 
interior  possesses  a  high  temperature,  and,  consequently,  that  the 
different  substances  of  which  it  is  composed  are  in  great  part  in  a 
state  of  fusion,  so  that  the  globe  itself  is  essentially  a  liquid  mass 
€OTered  by  a  solid  crust  of  but  little  thickness  when  compared  with 
its  diameter. 

A  formidable  objection  to  this  opinion  was  brought  forward  nearly 
thirty  years  ago  by  Mr.  Hopkins  in  a  series  of  memoirs  inserted  in 
the  Plulosophical  Transactions  of  the  Royal  Society  of  London  for 
the  years  1839,  1840,  and  1842.  This  objection,  which  is  based 
upon  the  consideration  of  two  astronomical  phenomena,  the  preces- 
sion and  nutation,  is  as  follows  : — It  is  well  known  that  the  preces- 
sion and  nutation  taken  conjointly  consist  in  a  change  of  direction 
experienced  by  the  axis  of  rotation  of  the  earth.  Without  the  pre- 
cession and  nutation,  the  axis  of  the  earth  would  always  remain 
paraUel  to  itself,  and  if  prolonged  would  always  pierce  the  celestial 
dome  in  exactly  the  same  point,  at  least  if  Uie  dimensions  of  the 
earth's  orbit  be  disregarded  when  compared  with  the  distance  which 
separates  it  from  the  stars. 

In  consequence,  however,  of  the  precession  and  nutation,  the 
earth's  axis  becomes  more  and  more  inclined  from  the  direction 
it  previously  possessed ;  the  point  in  which  it  pierces  the  celestial 
dome,  to  which  the  name  of  the  Pole  is  given,  displaces  itself  slowly 
and  by  degrees  amongst  the  stars,  the  precession  causing  it  to 
describe  a  circle  paraUel  to  the  ecliptic,  whilst  the  nutation  causes 
it  to  move  in  a  very  small  ellipse,  having  for  centre  the  position 
which  it  would  have  occupied  if  influenced  by  the  precession:  alone. 

This  continual  change  in  the  direction  of  the  earth's  axis  of  rota> 
tion  has  been  connected  in  a  most  happy  manner  with  the  grand 
law  of  universal  gravitation, — Newton  having  demonstrated  that  the 
movement  of  precession  follows  as  a  consequence  of  the  flattening 
of  the  earth. 

The  attraction  which  the  sun  exercises  on  the  entire  mass  of  the 
terrestrial  globe  would  have  no  influence  whatever  on  the  rotary 
motion  of  the  globe  round  its  centre  if  the  globe  itself  were  sphericfd 
and  homogeneous,  or  if  it  were  made  up  of  concentric  and  homo- 
geneous spherical  layers. 

In  consequence,  however,  of  the  swelling  out  of  the  globe  along 
the  equator  this  is  not  the  case :  the  action  of  the  sun  upon  the  sort 
of  pad  formed  by  this  equatorial  bwelling,  causes  little  by  little,  a 
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I.  '\S,u\  U»'  '.'iii^  '..i/i/j'»t,  ;xfcj  j;i.'::.y  ::v  I  J"--"*  ^^J*  "^  ''^  -  -•■.'^'- 
fiii.-t-  tii'\i,\'*'\  III  only  ;i  thin  h/j'JI  .:  ^  1.  .:£-i  :_  ^'T-r  _*  Ir—  -- 
ftiiJ'  'I  Ky  i)i<   phcfi'ir/j'-rj.'i  t,i  j#r'"yr-.-.i'..:i  -'iT: :  :.  :'■»::  -.      Mr.  H  t  r"% 

'lih'iii  t,i  Uii,  iiiti  n«ir  f/oni  ph'-ii'irn'riin  of  r  :at  ry  ::i.T::r.  Trr>-*":"i 
J»7  Mio  iMii'fut:^  (i)i|ftii'l  fM.'Li)i<iii:LtirM]  aiirily-i*  to  inv-r^'i.-.'T  :if 
I'ltiih'iii  <ff  ii;/i#|  <l)j|>iffifj;i|  H)i<:i]n  out:\'iy'iH'^  li'juMs.  ani  irr.v-:  ^ 
\\i*'  «orir|iii<|f,n  ihdt.  Mm?  iiolid  rruMt  of  th'r  <rarih  must  Ix-  no:  iv**  :lin 
»'.00  f^,  1000  fiiili-H  tliirlc.  Alilioiii^h  t}u}  m;itljeiiiatical  pan  ^f  the 
III  vi-hii^rilion  iiiij'lit.  \h)  ti\i']t'i:U't\  lo,  J  liavo  not  been  able  to  j>rrcs?ive 
uny  lnfin  m  l)iiwit^Mitit"tilH  by  wliirli  this  conclusion  Las  In-vn  i.\"H2- 
tiifVfiili<fl,  II mi  ]  urn  )in|>|iy  to  firHl  my  (»]>iiiion  in  this  res|Hvr  evn- 
II Ml II mI  \iy  HO  otiiiiiiiit.  nil  iiutlionty  hh  Arcli<loncon  Pratt  (Figure  of 
Hiii  I'iiiiili,  IHfiO,  tj  Hh,)     12.  It  liiiH  alwajH  appeared  to  me,  iudeed 


diatMr.  Hopkins  might  have  pressed  his  aigament  further,  and  have 

.OOBcladed  that  no  oontinons  liquid  vesicle  at  all  approaching  to  the 

-  flfliffinons  of  a  spheroid  6000  miles  in  diameter  can  possibly  exist 

T-  jh  liie  earth's  interior  without  rendering  the  phenomena  of  precession 

;:.  Aid  nutation  sensibly  different  from  what  they  are." 

-_  ^  Tims  it  will  be  perceived  that  the  objection  brou^t  forward  by 

■r.  Hopkins  against  the  ideas  generally  accepted  by  geologists  as  to 

Aa  interior  fluidity  of  the  terrestrial  globe,  has  been  regarded  by 

many  learned  Englishmen  as  perfectly  established. 

I  am  of  an  opinion  diametrically  opposed,  and  I  believe  that  this 
eondnsion  of  Mr.  Hopkins  is  not  based  on  any  true  foundation  what- 
ever. This  is  what  I  propose  to  explaia  to  the  Academy  in  all 
IVBvity. 

When  we  apply  the  theories  of  rational  mechanics  to  the  study  of 
natural  phenomena,  we  immediately  find  that  we  have  to  deal  with 
problems  of  the  greatest  complication.  If  we  attempt  to  consider 
these  questions  with  full  rigour,  it  is  impossible  to  succeed,  for 
reasons  which  do  not  even  reqidre  enumerating.  We  are  obliged, 
therefore,  to  rest  contented  after  resolving,  not  the  problems  them- 
aelves  at  which  we  aim,  but  other  questions  more  or  less  bearing 
upon  them,  which  in  themselves  present  a  degree  of  simplicity  suf- 
fioient  to  enable  us  to  arrive  at  some  more  or  less  rigorously  correct 
aolntion. 

It  is  thus  that  we  are  led  to  substitute  the  study  of  solids  of  abso- 
lately  invariable  form,  for  that  of  those  which  actually  are  met  with 
in  nature ;  thus  also  we  are  accustomed  to  attribute  to  liquids  the 
property  of  absolute  fluidity,  which  in  nature  never  exists,  eta 

It  becomes  necessary,  therefore,  to  place  ourselves  as  it  were  side 
by  side  with  the  reality,  and  to  remember  always,  that  the  results 
which  we  may  have  arrived  at,  may  be  vastly  modified  by  circum- 
stances which  we  may  have  neglected  to  take  into  accoimt. 

In  order  to  concentrate  our  ideas  on  the  subject,  let  us  take  a 
spherical  vessel,  a  glass  globe  for  example,  filled  with  a  liquid,  say 
with  water :  if  now  we  admit  that  the  liquid  is  endowed  with  an 
absolute  flutdity,  and  we  impart  to  the  globe  a  sudden  movement  of 
rotation  round  its  central  vertical  axis,  the  globe  should  alone  turn 
without  at  all  carrying  along  with  it  the  liquid  which  it  contains, 
which  ought  to  retain  its  pristine  immobility. 

This  is  easily  verified  by  imparting  a  more  or  less  rapid  rotary 
motion  to  the  globe;  light  substances  floating  on  or  suspended  in 
the  water  will  not  appear  to  change  place,  notwithstanding  the  mo- 
tion given  to  the  globe.  But  will  this  always  be  the  case,  whatever 
be  the  rapidity  of  the  motion  given  to  the  globe  ?  Can  we  admit 
that  the  liquid  will  remain  indifferent  to  the  motion  of  the  envelope 
which  contains  it  should  we  revolve  the  globe  very  slowly? 

In  admitting  the  abaoltUe  fluidity  of  the  liquid  we  forget  to  take 
into  account  its  viscidity.  Although  this  viscidity  is  extremely  feeble 
in  most  fluids  with  which  we  are  acquainted,  it  is  never  altogether 
wanting,  and  this  explains  why,  provided  that  the  rotary  movement 
communicated  to  the  globe  be  sufficiently  slow,  the  liquid  is  carried 
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xoond  along  with  the  globe  itaeU;  the  whole  zevolTing  togedier  jal 
M  if  the  liquid  had  been  finocen,  and  along  with  ita  envelope  fionid 
one  entirely  solid  body. 

Let  na  retom  to  the  teiTeetrial  globe,  and  let  na  admit  wiik  lb 
geologists  that  it  is  oompoaed  of  a  liquid  niftaa  covered  by  a  tkii 
aolid  crost.  K  the  disturbing  acdona  which  produce  the  prooMW 
and  nutation  did  not  exist,  the  entire  globe,  both  the  aolid  envdn 
and  ita  enclosed  liquid,  would  revolve  together  aa  one,  roonl  m 
poles  whose  direction  would  remain  constant  in  apace. 

Even  if  it  is  advanced,  that  at  some  particular  epoch  a  diiEsiaHB 
might  have  existed  between  the  rate  of  movement  of  the  emit  aai 
of  the  liquid  interior,  the  resulting  friction  niuat  gradually  bate 
destroyed  this  difference  and  brought  about  a  conformity  in  tia 
motion  of  both  parts. 

The  disturbing  forces  which  give  rise  to  the  precession  and  niiti- 
tion  act  upon  the  solid  crust  and  tend  to  make  it  revolve  round  an 
axis,  which  deviates  more  and  more  from  the  direction  of  the  axis 
round  which  it  at  first  rotated ;  the  rotary  motion  imparted  to  the 
solid  crust  by  these  actions  is  one  of  extreme  slowness,  and  hai  to 
unite  itself  with  the  movement  of  rotation  which  it  already  pooocsaw 
The  question  then  is,  whether  the  internal  liquid  mass  participakei 
in  this  additional  movement,  or  is  the  solid  crust  alone  a&cted  by  it 
without  immediately  carrying   the  liquid  along  with   it.      In  mj 
opinion  there  cannot  be  the  least  doubt  as  to  what  the  reply  most 
be,  for  the  additional  motion  due  to  the  before-mentioned  causes  is 
of  such  slowness  that  the  fluid  mass  which  constitutes  the  interior  of 
the  globe  must  follow  along  with  the  crust  which  oonfines  it,  exacdy 
as  if  the  whole  formed  one  solid  mass  throughout. 

The  pressure  to  which  the  liquid  mass  which  we  suppose  to  exist 
in  the  interior  of  the  earth  is  subjected  to,  is  so  enormous,  that  we 
cannot  even  form  an  idea  of  the  influence  which  it  may  exert  on  the 
degree  of  viscidity  of  tlie  fluid  in  question.  But  even  if  the  fluid 
matter  is  present  under  conditions  identical  with  those  of  the  liquids 
which  we  see  around  us,  this  would  suffice  to  cause  the  results  to  be 
such  as  we  have  already  explained. 

At  the  same  time  that  I  was  perfectly  convinced  of  the  correctness 
of  these  views,  I  resolved  nevertheless  to  confirm  them  by  direct 
experiment.  At  my  request,  therefore,  M.  Champagneur,  attached 
to  the  Philosophical  Laboratory  of  the  Sorbonno,  has  arranged  a 
simple  and  complete  experimental  demonstration  which  removes 
every  possible  doubt  on  the  subject. 

I  content  myself  at  present  with  merely  alluding  to  tliis  experi- 
ment, as  I  leave  it  to  that  gentleman  to  make  the  Academy  acquainted 
with  its  details. 

After  the  preceding  observations,  it  appears  to  me  impossible  to 
admit  that  the  effect  of  the  disturbing  forces,  to  which  the  precession 
and  nutation  are  duo.  only  extend  over  a  portion  of  the  terrestrial 
glo])e  :  the  entire  mass,  on  the  contrary,  must  be  influenced  by  thest- 
ilisturbing  forces,  wliatever  may  be  the  supposed  magnitude  of  it> 
fluid  interior,  and  consequently  it  follows  that  the  phenomena  of 
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preceaakm  and  nniatioii  oumoi  fiiniish  us  with  any  dala  wlialsoawr 
xeladTe  to  tiie  greater  car  leas  tfiicknfWB  of  the  solid  external  oniat  of 
the  globe. 

[In  directing  the  attention  of  oar  readers  te  this  most  important 
oommonication,  which  so  thoroughly  exphiins  away  the  objeotiona 
lately  brought  forward  by  mathematicians  and  astronomers,  against 
the  so-long  accepted  theory  of  the  internal  fluidity  of  the  ear&,  we 
would  express  our  entire  concurrence  in  the  remarks  made  by  M. 
lyArduac  in  the  discussion  of  this  paper,  in  which  he  expressed  his 
Uvely  satisfaction  at  seeing  the  subject  thus  ably  inveetigated  by  an 
authority  so  doubly  eminent  both  as  an  astronomer  and  mathema- 
tioian  as  IL  Delaunay.  Further  observations  upon  this  interesting 
question  will  be  found  in  a  recent  paper  by  Mr.  David  Forbes  in  the 
Chemical  News  of  October  14,  vol  xviii.  p.  191,  to  which  we  also 
would  refer. — ^Ed.  Geol.  Mao.] 

n. — Ok  thx  Formation  of  Mouktaik  Chains. 

By  N.  8.  8HALSB,  Esq.^ 

NOTHING  shows  more  clearly  the  imperfect  nature  of  our  know- 
ledge of  the  forces  which  have  brought  about  the  existing 
condition  of  the  earth's  surface  than  the  doubt  which  still  existe  as 
to  the  cause  of  mountain  chains.  There  have  been  many  views 
brought  forward,  some  of  which  seemed  to  satisfy  most  of  the  facte, 
but  none  have  been  sufficiently  broad  to  include  all  the  phenomena, 
and  the  most  clearly-defined  result  of  the  action  of  physical  forces 
of  the  earth's  crust  still  remains  involved  in  obscurity.  The  main 
difficulty  in  the  way  of  gaining  an  insight  into  the  cause  of  all  the 
dynamical  phenomena  of  the  earth's  surface,  is  the  doubt  which  has 
all  along  existed  as  to  the  physical  condition  of  the  mass  of  the 
earth.  '  Until  it  is  decided  whetiier  the  sphere  is  rigid  to  the  centre, 
or  essentially  fluid,  with  a  crust  floating  upon  ite  surface,  it  will 
scarcely  be  possible  to  attain  to  anything  like  certeinty  in  our 
explanations  of  all  the  movemente  in  the  crust  Although  in 
deference  to  the  weight  of  opposing  opinion,  we  must  regard  the 
question  of  fluidity  or  rigidity  of  the  interior  as  still  unsettled, 
there  can  remain  little  doubt  in  the  minds  of  those  geologiste  whose 
views  are  in  no  way  influenced  by  the  defence  of  long  hold  opinions, 
that  the  earth  is  essentially  rigid,  and  that  the  condition  of  mobility 
of  the  elemente  of  the  mass  which  perfect  fusion  gives,  can  not  be 
the  prevailing  condition  of  the  interior.  The  calculations  of  Hop- 
kins'  and  Thomsons  seem  to  make  scarcely  any  other  view  pos- 
sible, and  the  few  investigations  which  have  been  made  into  the 
contraction  of  the  igneous  rocks,  in  cooling,  make  it  impossible  to 
conceive  how  a  solid  crust  formed  on  a  fluid  interior  could  be 
susteined,  subjected  as  it  has  been  to  innumerable  shocks,  sufficient 
to  rupture  it,  and  sink  the  fragmente.in  the  fluid  below.     Against 

»  From  the  Proceedings  of  the  Boston  Society  of  Natural  History,  June  6,  1866. 
«  Hopkins  (Wm.)  PhU.  Trans,  of  the  Royal  Soc.,  1836,  p.  382. 
>  Thomson  (W.)  on  the  Eigidity  of  the  JSarth.    Proceedings  of  the  Royal  Soc., 
Vol.  xii.  p.  103. 


512  Notices  of  Memoirs— N.  8.  Skater 

these  facta  we  have  to  set  those  evidenoes  of  igneous  acdon  aiiU 
by  volcanoeB  and  associated  phenomena,  and  which  have,  nocvxte 
reason,  been  supposed  to  give  trustworthy  evidence  of  a  gaenBr 
fluid  condition  of  the  interior.     Fairly  -weighed^  howeTer,  iQ  ^ 
can  be  considered  as  proven  by  all  the  evidenoes  we  have  ii,Uii 
that  portion  of  the  past  history  of  the  earth  of  whidi  ire  \n 
record,  there  has  existed  a  condition  of  igneouB  flnidity  besflilki 
larfj^  part,  if  not  the  whole  extent,  of  the  surface.   That  this  igBSia 
fluidity  extends  to  the  centre,  or  even  that  it  is  of  more  tha&tivj 
few  miles  in  depth,  are  suppositions  which  derive  no  valid  waffA 
from  if^ioous  phenomena.     The  increase  of  temperature  as  «e  p 
from  the  surface  towards  the  centre,  and  the  extreme  elevstiaBof 
heat  which  must  exist  at  considerable  depths,  can  not  be  regudal 
as  evidence  of  the  general  fluidity,  until  it  has  been  shown  t^  tbe 
internal  proKsuro  has  not  a  greater  influence  in  preventiiig  litp^ 
faction,  tluin   internal  heat  in  producing  that  condition.    In  ^ 
present  state  of  knowledge,  or  rather  ignorance,  of  the  phyaod 
questions  involved  in  this  problem,  the  safest  position  is  that  wbkk 
conflicts  least  with  the  conclusions  derived  from  the  cognate  scaenoei 
of  astronomy  and  physics.     The  former  science  protests  that  oextua 
observed  facts  could  not  exist  if  the  mass  of  the  earth  was  essentiiDj 
fluid,  and  that  tried  by  tests  far  more  unerring   than  any  the 
geologist  is  able  to  apply,  the  conclusion  is  reached  that  our  planet 
is  at  least  as  rigid  as  glass,  and  probably  as  rigid  as  steel.     From 
the  physicist  wo  hear  that  all  the  known  materials  which  have  come 
to  us  from  the  earth's  interior,  contract  in  cooling,  and  that  tbe 
general  internal  fluidity  would  cause  any  crust  to  shatter  to  pieces 
and  fall  in  fragments  into  the  fluid  below,  as  soon  as  it  had  attaiaed 
any  such  thickness  as  wo  know  the  crust  to  have.     If  we  attach  to 
these  calculations  the  importance  they  deserve,  we  are  forced  to 
admit  that  the  idea  of  the  igneous  fluidity  of  the  interior  is  quite 
untenable. 

A  much  more  satisfactory  view  than  that  just  referred  to,  which 
will  not  conflict  with  the  results  of  investigations  in  the  exact 
sciences,  may  bo  obtained  by  a  brief  consideration  of  the  possible 
conditions  of  solidification  of  the  cooling  earth.  If  the  eflect  of 
pressure  in  i>romoting  solidification  at  the  earth's  centre  were 
greater  than  the  effect  of  heat  in  resisting  solidification,  then  the 
mass  would  congeal  first  at  the  centre,  and  solidification  extend 
thence  towards  the  surface.  If,  on  the  other  hand,  the  effect 
of  the  pressure  at  the  centre  failed  to  overcome  the  tendency  to 
liquefaction  induced  by  the  extreme  heat  of  that  point,  then  we 
must  suppose  that  cooling  wont  on  until  the  whole  mass  was 
reduced  t)  something  like  an  equal  temperature  throughout,  and  the 
whole  sphere  became  solid  at  once.  During  this  process  of  cooling 
down,  successive  crust*  might  be  formed,  but  they  would  necessarily 
be  transient  phenomena,  breaking  to  pieces  as  soon  as  they  began  to 
attain  considerable  thickness.' 

'  Seo  tbe  Preliminary  Observatioiis  to  tbe  paper  of  Hopkini  aboTe  refured  to^ 
wliere  tbese  consideratioiiB  will  be  found. 
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-  This  last  supposition  seems  to  be  excluded  by  the  well-kuown 
ftet  of  the  increase  of  temperature  as  we  go  from  the  surface 
towards  the  centre;  the  rate  of  increase  is  such  that  we  would 
iHain  a  temperature  sufficient  to  melt  the  most  refractory  substances 
fa  %  few  miles  from  the  surface ;  this  is  far  from  the  state  of  things 
WB  would  expect  to  find  if  the  whole  interior  had  been  reduced  to 
the  temperature  at  which  solidification  could  take  place  at  the  sur- 
fik)e  before  any  part  became  rigid.  On  this  account  we  are  driven  to 
adopt  the  other  view  as  the  more  probable,  and  regard  the  super- 
ficial portions  as  the  last  to  become  solid,  and  the  oentre  as  the  first 
ligid  portion  of  the  earth. 

As  solidification  advanced  from  the  centre  towards  the  surface, 
there  would  be  a  time  when  the  remaining  liquid  matter  was  of  in- 
oonsiderable  thickness,  that  the  surface  might  also  begin  to  solidify, 
and  the  intervening  igneous  matter  being  in  a  state  of  viscous  fluid- 
ity, might  so  far  uphold  the  solid  outer  crust,  that  it  would  not  break 
up  and  fall  into  the  fluid  below.  The  further  solidification  of  the 
interior  would  then  take  place  in  two  directions  outward  from  the 
central  nucleus,  and  inward  from  the  outer  crust.  If,  however,  this 
residual  fluid  matter  was  confined,  beneath,  say,  one  hundred  miles 
of  crust,  cooling  would  proceed  with  such  extreme  slowness,  that  a 
Tery  great  time  might  elapse  before  it  became  lost  in  the  already 
solidified  surfaces  above  and  below.  It  is  not  impossible  that  to 
this  insignificant  relic  of  an  original  molten  condition,  we  owe  all 
the  phenomena  of  igneous  action  which  have  affected  the  crust  since 
the  beginning  of  the  geological  record. 

There  seems  no  point  of  conflict  between  this  conception  and  those 
conclusions  of  geologists  which  are  supported  by  any  considerable 
amount  of  evidence ;  it  only  contravenes  those  hypotheses  which 
have  failed  when  subjected  to  critical  examination,  or  which  from 
their  essentially  undemonstrable  character  can  not  be  either  verified 
or  disproven.  At  first  sight  it  might  seem  difficult  to  account  for 
the  phenomena  of  corrugation  of  the  earth's  crust,  as  exhibited  in  the 
continental  folds,  and  in  mountain  chains,  if  we  reject  the  hypothesis 
of  internal  fluidity.  The  design  of  the  present  paper  is  to  show  some 
reasons  for  believing  that  both  of  these  phenomena  may  be  explained 
without  the  assumption  of  anything  more  than  the  trifling  amount 
of  igneous  fluidity  involved  in  the  hypotheses  we  have  just  discussed. 

Without  any  particular  examination  of  the  facts,  it  seems  to  have 
been  assumed  by  most  geologists  that  all  the  phenomena  of  corruga- 
tion, whether  exhibited  in  mountain  ranges,  or  in  continents,  are  to 
be  regarded  as  effects  of  one  and  the  same  cause,  differing  only  in 
magnitude.  It  is  manifest  that  it  is  a  matter  of  first  importance  in 
seeking  an  explanation  of  the  origin  of  these  phenomena,  to  deter- 
mine whether  this  assumed  identity  of  cause  is  true  or  no.  If  it  be 
the  fact  that  continental  elevations  and  mountain  elevations  are  but 
degrees  of  effect  of  the  same  cause,  then  there  should  be  no  other 
differences  in  the  phenomena  than  those  of  magnitude,  or  of  features 
dependent  directly  upon  the  magnitude  of  the  areas  involved  in  the 
disturbance;  furthermore  there  should  be  something  like  a  series,  at 
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extr&miTT  of  vbii^  oould  be  placed  the  gnetest  zeBef  of  Ok- 
i&i*I  fvli  uni  coeAnic  depression,  and  pafieing  gndnallrtDik 
»s  ic  ;:i>x^i  ier&ble  flexoreft.     Ix  reqniree  no  very  careihl  i  niiiMmi 
to  bring  u.r  vl*s<:rTer  to  the  oonvicuon  that  those  **—*«ri^  ktmm 
d>  &:•;  rxis:.     Thit  phenomena  obeerrable  in  the  two  actuu  sf  Mt 
o>riA&:«:.     Ttere  can  hudlj  be  said  to  be  anything  like  a  aaiatt 
gT^i^n'^n  cvii&<rc:ing  the  whole  assemblage  of  phenoineiUi»  ai^ 
infrxv-ik -.^  vvrnis  sirong  that  the  cause  is  not  the  same  in  the  tvoMH^ 
AVc  &2i  i.  f-  r  iii»ULnoe,  in  continental  folds*  broad  cnrves  of  theiv- 
iace.  whicL  Xiorrow  without  exception  towards  the  soath,  and  viiik 
exLil::  ::;  :.    jin  of  their  structure  the  evidences  of  powezfal  litaJ 
thrust.  witacL  &re  the  mo»t  conspicuous  phenomena  of  mountain  chuDL 
In  thrsv  Wr.rT.  h..wever,  we  perceive  evidences  of  linear  dismpaa 
of  the  crust,  sh-.wing  intense,  but  locali2&ed  ener^,  with  no  tendocy 
t.i  incrKi»e  of  magnitu-le  in  any  one  direction.     In  the  oontinentiVB 
)*ehold  cun'es  **{  thouisands  of  miles  in  diameter,  showing  an  eonl 
force  acting  throughout,  in  the  mountain  very  powerful  forces  acB^ 
;ftlong  onv  line,  and  inoperative  a  few  tens*of  miles  awav.    TheiB 
sevms  nothing  in  common  in  the  phenomena  except  that  both  an 
folds  of  the  earth's  surface.    The  great  breadth,  and  compantiT^ 
;rentle  curves.  cLaracteribiug  the  continental  folds,  show  that  a  gictf 
thickness  of  material  is  involved  in  the  movement ;  their  gradual 
developrnt-nt  in  successive  geological  periods,  toother  with  what  we 
know  c  -nceiTiing  the  L  iss  of  heat  from  the  interior  of  the  eanh  ren- 
tiers it  eminently  probable  that  they  arise  from  the  acotmimodatioaof 
a  liar-leno'l  ..lit-T  crust  ti.»  a  diminisihed  nucleus.      All  the  fluidity  w- 
fjuirc-d  ill  tlii>  view  of  the  effect  of  the  conti-action  of  the  mass  upon 
the  cont'.ur  of  the  crust,  is  given  by  the  hypothesis  which  claimi 
that  soli'lificatiiai  Ix-gan  at  the  centre,  and  that  all  that  remains  in 
any  seri^e  liquid,  is  a  ver\'  small  portion  comparatively  near  the 
surfitc-e. 

WTiile  the  contour  of  the  continental  folds,  as  exhibited  both  in 
land  surface  and  sea  fli.»ors,  evinces  the  gradual  operation  of  the 
general  contracti«)n  of  the  earth  on  a  crust  of  great  thickness,  n^e 
have  in  mountain  cliains  another  effect  of  contraction,  which  cannot, 
from  the  evidence,  be  properly  referred  to  the  shrinking  of  the  whole 
mass.  It  is  evident  that  if  the  continental  folds  arc  comjx^nsiative 
wrinkles  formed  in  the  adaptation  of  a  crust  to  a  diminished  nucleus, 
tho  mountain  chains  can  not  be  of  the  same  nature ;  it  is  not  to  be 
believed  tliat  a  crust  would  l)ond  from  tho  action  of  the  same  foroe 
into  tho  broad,  low  curves  of  the  continents,  and  into  the  shaip 
defined  and  narrow  fmctures  of  a  mountain  range. 

Acce]>ting,  as  estiiblished,  the  fact  that  mountain  chains  are  the 
result  of  lateral  i)ressure,  and  indirectly  of  contraction  from  loss  of 
lieat,  and  denying  that  they  are  the  result  of  the  accommo<lation  of 
tho  crust  to  the  nucleus,  it  is  at  once  manifest  that  wo  must  seek 
their  origin  in  tho  changes  going  on  within  the  crust  itself,  and  in 
no  way  connected  with  the  regions  below.  And  within  tluit  crust 
wo  can  find  forces  oj>crating  to  produce  contraction  quite  sufficient 
to  aocoimt  for  all  tho  facts. 
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3  ADoording  to  the  computations  of  Thomson,^  we  may  assmne  that 
K  tdk  the  close  of  ten  thousand  years  after  solidification  of  the  surface  of 
\  lbs  earth  had  taken  place,  the  rate  of  increase  in  temperature  would 
e.  be  2^  Fahrenheit  for  each  foot  of  descent,  and  with  the  lapse  of  time 
-  tiba  Tate  of  increase  in  going  towards  the  centre  would  be  less  and 
:.  law  rapid  in  about  the  proportion  indicated  in  the  table  below. 

10,000  years  after  freezing  of  surface,  2^  Fahr.  for  each  foot.* 
40,000  „  „  1  „  „ 

160,000  „  „  i 

•  ,4,000,000  „  „  ^ 

100,000,000       „  „  ^ 

If  this  calculation  is  correct,  (and  that  it  is  in  a  general  way  oor- 
vect^  does  not  seem  to  admit  of  much  doubt,  provided  we  accept  the 
hypothesis  of  original  igneous  fluidity,)  it  follows  that  the  gradual 
oooling  of  the  deeper  portions  of  the  crust  must  result  in  the  forma- 
tion of  a  strong  lateral  pressure  at  every  point  near  the  surface.  The 
timih  of  this,  proposition  is  readily  seen,  when  we  consider  that  while 
Ae  original  surface,  which  in  ten  thousand  years  after  the  hardening 
cif  the  crust  had  been  reduced  to  the  temperature  of  the  atmosphere, 
retained  the  same  temperature  in  the  ages  which  followed,  the  por- 
tions of  the  crust  beneath  were  constantly  parting  with  their  heat, 
and  approaching  nearer  to  the  thermal  condition  of  the  surface, 
niiere  would  be  no  shrinkage  of  the  surface  layer  from  the  loss  of 
beat,  while  from  this  cause  the  contraction  of  the  deeper  portions 
ivronld  be  considerable.  This  would  give  precisely  the  conditions 
requisite  to  produce  a  rending  and  upfolding  of  the  superficial  strata 
of  the  outer  shell.  Immediately  after  the  formation  of  a  crust,  the 
progressive  diminution  of  the  interior  heat  would  begin  to  produce  a 
tension  on  the  surface,  which  would  augment  as  the  ceaseless  flow  of 
beat  went  on,  until  either  a  rupture  of  the  contracting  beds,  or  the 
folding  together  of  the  superficial  layers,  relieved  the  strain.  Both 
tiiese  methods  of  accomplishing  the  movement  of  contraction,  have 
been  most  probably  operative  at  different  times  and  places  in  the 
earth's  history.  Furthermore,  as  the  upper  portions  of  the  crust,  or 
region  of  slight  contraction,  is  of  much  less  thickness  than  the  r^on 
which,  by  its  considerable  contraction,  produced  the  tension,  we 

»  Thomson  (Wm.)  on  the  Secular  Cooling  of  the  Earth.  Trans.  Roy.  Soc.  Edin- 
burgh, xxxiii.  sec.  1. 

2  The  effect  of  these  chan^  in  temperature  may  be  estimated  from  the  following 
table  of  the  expansion  of  yanous  substances  under  tne  influence  of  heat : 

For  each  degree  of  Fahrenheit, 

Granite  expands  about 000004825 

Marble         „         „     000005662 

Sandstone     „         „     000009532 

A  stratum  of  granite  five  hundred  miles  in  diameter  would  contract,  on  paning 
from  a  temperature  of  3,000  degrees  Fahrenheit  to  the  average  temperature  of  the 
earth,  about  seven  and  a  half  miles ;  in  the  case  of  a  sandstone  area  of  the  same 
diameter,  the  contraction  would  amount  to  about  fifteen  miles. 

The  computations  on  which  these  estimates  are  founded  were  based  on  experiments 
made  by  Mr.  H.  C.  Bartlett,  of  the  United  States  Ennneers,  and  published  in  the 
Amer.  Jour.  Science,  vol.  xxii.  p.  136.  See  also  for  other  data  on  this  point  Ninth 
Bridgewater  Treatise,  C.  Babbage,  2nd  edit.  Appendix,  p.  221. 
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would  expect  the  fracture  to  take  place  on  the  snrfiuse,  latiher  An 
below.  There  is  one  thing  which  could  operate  to  pxevent  the  ob- 
tain contortion  of  the  superficial  portions  of  the  cmst,  and  that  istka 
horizontal  position  of  its  beds ;  as  ordinarily  constitated,  the  reMU 
ance  which  the  upper  few  miles  of  the  crust  coold  oppose  to  te 
action  of  any  force  tending  to  throw  it  into  folds,  is  yeiy  giML 
When  the  contortion  has  once  begun,  and  this  resistance  fairly  over- 
come, all  further  changes  would  meet  with  oomparatiTely  litfls 
resistance. 

We  have  spoken  only  of  those  cases  where  the  original  sur&oe  hid 
continued  to  exist  from  the  beginning,  while  the  isogeothennsb 
beneath  them  had  gradually  sunk  deeper  and  deeper  towards  tbs 
centre  of  the  earth.  This  being  a  very  unlikely  condition,  it  remaxns 
to  be  seen  what  would  be  the  effect  where  the  actions  of  denudatkm, 
or  deposition,  are  going  on.  It  is  evident  that  whenever  the  rate  of 
denudation  was  such  that  the  removal  of  the  crust  took  place  wi& 
the  same  rapidity  as  the  recession  of  the  isogeothemials  fromths 
surface,  there  could  be  no  lateral  strain  produced  by  the  loss  of  heat 
AVhere,  on  the  other  hand,  rapid  deposition  of  mateiials  was  taking 
place,  and  the  isogeothermalB,  on  that  account,  were  rising  towards 
the  surface,  there  would  also  be  no  such  strain  on  the  upper  part  of 
the  crust  It  thus  appears  that  the  conditions  of  tension  competent 
to  produce  mountain  chains,  would  only  be  found  strongly  developed 
in  regions  wliere  the  rate  of  denudation  was  less  than  the  rate  of  re- 
cession of  the  isogoothormal  lines,  or  where  the  rate  of  deposition 
was  not  sufficiently  rapid  to  prevent  the  recession  of  the  lines  of 
equal  heat 

Accepting  this  h^'pothesis  of  the  origin  of  mountain  chains,  it  is  at 
once  soon  that  thoy  should  have  their  region  of  greatest  development 
on  the  land  surfaces,  and  seldom  or  never  originate  on  the  oce-an 
floors.  On  the  land  areas  we  would  expect  to  find  them  originating 
at  those  points  whore  there  were  some  forces  operating  to  favour  the 
displeicement  of  the  beds  constituting  the  crust,  from  their  normal 
position,  for  at  such  points  the  contracting  force  would  most  easily 
produce  corrugations.  The  author  has  elsewhere  given  a  brief  notice 
of  a  view  of  the  origin  of  continents,  from  the  tendency  of  all 
regions  where  deposition  is  going  on,  viz.,  sea  bottoms,  to  subside.^ 
This  view,  if  correct,  will  warrant  us  in  believing  that  shoro  lines 
are  points  where  fracture  and  dislocation  of  the  crust  are  likely  to 
occur.  The  distribution  of  volcanic  vents  of  the  present  day,  and 
the  instructive  fact  that  volcanic  outlets  of  former  geological  periods 
ceased  to  be  active  when  left  inland,  in  the  progress  of  geological 
changes,  would  of  themselves  indicate  a  peculiar  liability  to  rupture 
of  the  superficial  portions  of  the  crust  along  shoro  lines.  Let  us 
suppose  that  the  recession  of  the  isogeothermal  lines  had  placed  the 
superficial  portion  of  tho  crust  in  a  state  of  tension,  which  could 
only  be  relieved  by  the  formation  of  mountain  elevations,  and  that 
the  laying  down  of  sedimentary  materials  had,  at  the  same  time, 
prepared  that  portion  of  tho  crust  beneath  the  ocean  floor  for  subsi- 

^  See  these  Psrooeedingi,  Vol.  x.  p.  237. 
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idenoe,  then  the  moment  this  latter  action  is  effected,  it  is  likely  to 
bing  about  fractures  along  shore  lines,  attended  by  the  escape  of 
neeous  and  igneous  materials.  This  dislocation  of  the  crust  would 
M  attended  by  the  pushing  together  of  the  superficial  portions  from 
iiftlier  side,  and  the  resulting  elevations  might  be  complicated  by  the 
fntmsion  of  a  greater  or  less  amount  of  igneous  matter. 

This  view  of  the  origin  of  mountain  chains  seems  to  be  reconcil- 
able with  some  of  the  most  prominent  features  which  are  to  be  found 
m  their  structure  and  distribution.  Their  usual,  if  not  invariable, 
oiigin  along  shore  lines,  the  suddenness  of  their  formation,  the 
irariable  amount  of  igneous  action  exhibited  in  their  masses,  are  ex- 
plicable on  this  hypothesis.  On  the  other  hand  it  is  not  to  be 
ddnied  that  some  considerable  objections  can  be  urged  against  it.  In 
ilie  first  place,  in  order  that  any  considerable  elevation  be  formed  by 
ilds  action,  it  would  be  necessary  to  have  the  upper  and  lower  beds 
dide  one  upon  another,  to  a  certain  extent ;  but  it  is  to  be  borne  in 
mind  that  the  power  we  are  hypothecating  is  practically  illimitable, 
sinee  it  would,  by  the  supposition,  continue  to  accumulate  until  the 
force  became  sufficiently  great  to  overcome  resistance.  The  sliding 
embeds  upon  each  other  under  the  influence  of  great  lateral  pressure, 
from  the  contraction  of  the  lower  portions  of  the  crust,  has  fewer 
objections  to  be  urged  against  it  than  the  view  which  assigns  the 
origin  of  mountain  chains  to  the  passage  of  great  waves  of  trans- 
lation through  the  crust,  and  their  fixation  by  the  intrusion  of 
molten  matter. 

It  is  scarcely  necessary  for  the  author  to  state  that  no  claim  what- 
eiver  is  meant  to  be  made  in  this  paper  to  the  hypothesis  of  the 
origin  of  the  features  of  corrugation  of  the  crust  from  the  influence 
of  contraction  from  loss  of  heat,  one  of  the  oldest  and  most  gene- 
rally accepted  theories  of  the  science.  It  having  been  denied  by 
very  high  authority  that  there  existed  any  cause  competent  to  pro- 
duce lateral  thrust,  and  thus  to  originate  mountain  chains,  it  has 
seemed  desirable  to  direct  attention  to  the  fact  that  the  recession  of 
the  isogeothermals  would  be  attended  by  such  lateral  strain. 

The  points  which  have  been  suggested  in  the  foregoing  consider- 
ation, may  be  briefly  summed  up  as  follows : 

1.  That  the  most  probable  hypothesis  in  the  present  state  of  our 
knowledge  of  the  earth,  is,  that  it  consists  of  an  immense  solid 
nucleus,  a  hardened  outer  crust,  and  an  intermediate  region  of  com- 
paratively slight  depth,  in  an  imperfect  state  of  igneous  fusion. 

2.  That  the  continental  folds  are  probably  corrugations  of  the 
whole  thickness  of  the  crust. 

3.  That  mountain  chains  are  only  folds  of  the  outer  portion  of  the 
crust  caused  by  the  contraction  of  the  lower  regions  of  the  outer  shell. 

4.  That  the  subsidence  of  ocean  floors  would,  by  producing  frac- 
tures and  dislocations  along  shore  lines,  tend  to  originate  mountain 
chains  along  sea  borders,  and  approximately  parallel  to  them. 

[In  connection  with  this  subject,  see  also  paper  by  the  Rev.  0.  Fisher,  anUf 
p.  493  ;  also  Delaunay,  ante,  p.  507.] 
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TeBRAIKB     C&TBTALIJIIS    CON8TITUANT  lA   801.    PBIMITIFy   OUITSAOB 
BiDIOi  D'APEi  LA  OLASSIFIOATION,  LBS  MAKUSOBTTB  IN£dIT8,  ST  Ui 

LX90N8  PUBLIQUX8  Ds  Fsu  P.  L.  A.  Ck)BDixa  PAB  C.  D'OBBionr. 
Paris,  1868. 

MD'OBBIGNY  has  rendered  a  nsefol  service  to  geolc^  hj 
t  publishing  a  detailed  classification  and  description  of  BoAm 
by  Ihe  late  Professor  Cordier,  who  for  more  than  thirty  years  of  Im 
long  scientific  career,  has  studied  with  extreme  care,  both  in  the 
field  and  the  cabinet,  the  composition,  origin,  position,  and  odwr 
diaracter  of  the  rocks  which  constitute  the  crust  of  the  globe.  M. 
Oordier*s  collection  comprised  more  than  10,000  varieties  of  rocks, 
chosen  with  special  care,  and  classed  according  to  his  own  method, 
which  is  based  on  the  physical,  chemical,  mineralogical,  and  geologi- 
cal characters  that  rocks  present,  giving  prominence  to  that  of 
composition.  This  colhction  is  now  arranged  in  the  Museum  of 
Natural  Histoiy  of  Paris,  and  the  work  before  us  embodies  the 
classification  of  rocks  as  defined  by  M.  Ck>rdier,  who  unfortunately 
during  his  lifetime  published  no  treatise  on  the  subject,  with  the 
exception  of  an  important  memoir  '<  on  the  mineral  sulratances  whidi 
enter  into  the  composition  of  volcanic  rocks  of  all  ages,"  in  the 
Journal  de  Physique  for  1815-16,  so  that  the  only  knowledge  to  be 
obtained  of  his  system  was  from  those  who  were  fortunate  enough  to 
attend  his  courses  of  lectures.  His  colleague,  M.  C.  D'Orbigny, 
published  in  the  Dieiionnaire  vniversel  de  histoire  iMiwrelh  (artide 
noches),  1848,  a  succinct  description  of  rocks  from  notes  taken  at  the 
lectures  of  M.  Cordier.  The  present  volume  is  an  enlarged  and 
considerably  improved  edition  of  this  article,  embodying  not  only, 
the  public  lectures,  but  the  manuscripts  left  by  M.  Cordier,  as  weU 
as  a  careful  examination  of  the  collection  itself.  The  first  part 
contains  the  distinctive  characters,  specification,  and  classification  of 
rocks;  the  second  part  comprises  their  detailed  description,  synonymy, 
position,  and  industrial  uses,  and  the  third  part  includes  an  hitherto 
unpublished  manuscript  ''  on  the  structure  of  the  terrestrial  crust, 
and  a  description  of  the  primordial  rocks,"  as  well  as  the  memoir  on 
volcanic  rocks  above  mentioned. 

The  fundamental  principle  of  the  classification  is  that  oi  compotitiatL 
Three  great  divisions  are  established.  1.  Normal  rocks,  induding 
rocks  proper ;  2.  Abnormal,  mineral  veins  and  irregular  deposits  in 
caverns,  etc. ;  3.  Meteoric  rocks. 

The  normal  rocks  are  divided  into  four  classes. 

Class  I.  Roches  a  base  de  Silicates.  FamilieSy  Felspathic,  Py- 
roxenic.  Amphibolic,  Epidotic,  Grenatic,  Diallagic,  Talcose,  Mi- 
caceous, Quartzose,  Vitreous,  Argillaceous. 

Class  II.  Boches  a  base  Acidefere.  Families,  Calcareous,  Hock 
Salt,  Gypseous,  Alunitic. 

Class  III.  Boches  a  base  m^tallique.    Families,  Carbonate,  Hydrate, 
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and  Peroxide  of  iion»  Silicate  of  iron,  Oiydiiloiis  iron,  Manganese, 
Iron  pyrites. 

Glaiss  IV.  Roches  a  base  combustible.  FamUes,  Salphur,  Dysodile, 
Aspbaltum,  Graphite,  Anthracite,  Coal,  Lignite. 

The  families  are  again  divided,  as  they  are  either  Aggregates, 
Conglomerates,  or  Detrital,  and  the  former  as  they  present  either  a 
Phanerogenous  or  Adelogenous  stnictore. — J.1L 


II. — ^Recsnt  and  Fossil  Entohostbaca. 

1.  A  Monograph  of  the  Reosnt  British  Ostragoda.  By  G.  S- 
Bradt.  4to.  with  18  Plates.  1868.  (From  the  Transactions  of 
the  Zoological  Society.) 

2.  BiYALYED  Entomostraoa,  Bboent  aki>  Fossil.  By  Prof.  T. 
EupERT  Jones.  8yo.  1868.  (From  the  Quarterly  Journal  Mi- 
croscop.  Science.) 

3.  Notes  on  the  Paljsozoio  Bitalyed  Entomostraoa  :  No.  VilL 
Some  Lower-Silurian  Species  from  the  Chair  of  Eildabb, 
Ireland.  By  T.  Eupert  Jones  and  Dr.  H.  B.  Holl.  (From 
the  Annals  and  Mag.  Nat.  Hist) 

OF  the  many  kinds  of  minute  creatures  that  leave  their  shells  or 
skeletons  in  muds,  sands,  shell-heds,  and  coral-reefs,  to  become 
integral  constituents  of  clays,  limestones,  and  other  strata,  few, 
except  Foraminifera,  contribute  so  large  a  proportion  of  calcareous 
matter  as  the  little  bivalve  carapaces  of  the  Ostracodaw  and  PhyU 
lopodoua  groups  of  the  Eniomosiraca.  This  has  long  been  known, 
and  numerous  notices  and  monographs,  often  furnished  with  many 
good  figures,  have  been  published  within  the  last  twenty  years, 
illustrating  the  many  different  forms  of  Bairdia,  Oypris,  Oyihere, 
CythereUaf  Oypridtna,  Beyrichia,  LeperdUia,  Estha-ia,  and  other 
genera  belonging  to  these  low  types  of  Crustacea.  The  difficulty 
of  correctly  assigning  the  fossil  carapace-valves  to  definite  specific 
and  even  generic  groups,  has  been  dwelt  upon  in  the  monographs  on 
the  Cretaceous  and  Tertiary  Entcmn$iraca,  and  of  the  fossil  Estherioe, 
by  Prof.  Jones,  which  were  published  by  the  Palseontographical 
Society,  and  nothing  but  careful  and  extensive  examination  of  living 
specimens,  and  exact  comparison  of  the  limbs  and  internal  organs, 
as  well  as  of  the  carapace-valves,  could  furnish  good  grounds  for 
either  the  collocation  of  apparently  similar  forms  of  fossil  valves,  or 
the  specific  separation  of  some  that  presented  differences  of  outline, 
ornament,  and  other  features.  Mr.  G.  S.  Brady's  assiduous  study  of 
the  Bivalved  Entomostraoa,  supplementing,  and  indeed  greatly  aug- 
menting, the  information  given  to  naturalists  on  this  subject  by 
Baird,  Norman,  Sars,  Liljeborg,  and  others,  has  eventually  put  us  in 
possession  of  a  considerable  store  of  facts,  illustrating  the  relation- 
ship of  a  multitude  of  these  little  organisms,  and  enabling  us  to 
speak  more  definitely  than  heretofore  of  the  probable  generic  and 
specific  groups  to  which  our  fossil  Entomostraoa  are  referable.  It  is 
not  alone  in  the  monograph  mentioned  at  the  head  of  this  article 
that  Mr.  Brady's  researches  are  to  be  studied,  for  in  th^  Trvacta^- 
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aotianB  of  the  Zoological  Society,  in  the  AnnalB  of  Natural  ffiftotf, 
in  the  Transactions  of  the  Nat.  His.  Soa  of  Northnmberiand  and 
Durham,  in  "Les  Fonds  de  la  Mer*'  (an  excellent  periodial 
published  by  some  naturalists  at  Bordeaux),  and  in  some  of  tiie 
popular  scientific  journals  of  the  day,  many  well-oonsidered  memoin 
written  by  him  are  to  be  found,  illustrating  very  many  leoent  and  a 
few  fossil  Entomostraca. 

The  monograph  before  us  puts  the  British  genera  and  speciei  of 
Ostracoda  into  order,  with  full  delineations  of  their  valves,  limbi, 
appendages,  and  other  characteristic  features.  A  table  (at  p.  478 
and  479)  gives  the  distribution  of  the  British  Marine  species,  show- 
ing which  afifect  shallow  water,  and  which  live  in  the  deep ;  also 
which  are  found  on  the  Norway  Coasts,  and  ^which  occur  in  the 
Post-tertiary  deposits  of  England,  Ireland,  Scotland,  and  Norway. 
Of  the  111  species  of  marine  Ostracoda  found  living  in  the  Britudi 
Islands,  fifty  occur  in  the  Post-tertiary  deposits,  and  la.'ve  have  been 
found  in  the  Tertiary  strata  of  England  and  Europe. 

The  following  British  living  species  have  been  found  in  depositi 
of  Tertiary  age  : — 

Oyth€r$ punetata^  Miinster  {^eonvexOj  Baird).      Suffolk  Crag;  Upper  and  Middk 

Tertiaries  of  Germany. 
J(m$niy  Baird  (  ^eeratoptera,  BoMUfit).    Suffolk  Crag ;  Upper  and  Middle 

Eoeene  of  Belgium  and  France. 

papmoiOy  Boflcmct.    Miocene  and  Eocene  of  Belgium  and  Frmnoe. 

Jlyobat$t  Barionetm'i,  Jones.    Middle  Eocene,  Barton,  Hants. 
Zoxoconcha  tamarinduSy  Jonra.     Crag  of  Suffolk. 

The  following  recent  British  Ostracoda,  of  fresh- water  habits,  are 
found  fossil  in  the  Post-Tertiary  deposits  of  England  : — 

Candona  compressa,  Koch  ( =  Cyprit  tetigtra^  Jones). 
Cyprii  gibba,  Randohr. 

reptans^  Baird. 

— — -  lavis^  Miiller  (given  as  0,  ovum  in  Jones's  Monog.  Tert.  Entom.). 
CandofM  Candida^  Miiller. 

Doubtless  this  list  will  bo  increased  by  further  research. 

The  collector  of  fossil  Ostracoda  will  still  find  it  very  difficult  to 
allocate  his  specimens  to  their  right  groups — especially  as  some  of 
the  valves  that  have  hitherto  passed  as  belonging  to  Cythere  may  really 
belong  to  Bythocythere,  Cytherura,  or  Cytheropteron  ;  and  those  valves 
formerly  grouped  under  Cytherideis  may  bo  Eucythire,  Ilyohatcs,  Xet- 
toleheris,  Pseudocythere,  Schlerochilus,  Paradoxstoma,  Paracypris,  or 
Pontocypris !  So  little  could  slight  differences  of  valve-structure  be 
regarded  of  generic  value,  until  they  were  known  to  be  backed  up 
with  differentiation  of  limbs  and  other  organs.  With  a  better  ac- 
quaintance of  recent  fonns,  the  observer  has  now  a  better  chance  of 
assorting  his  fossil  specimens,  if  well  preserved,  but  he  must  not  be 
hasty,  nor  even  too  confident. 

In  illustration  of  the  difficulty  the  Ostracodist  has  in  his  researches, 
the  reader  may  try  to  follow  Messrs.  Jones  and  Holl  in  their  deter- 
mination of  the  several  bivalved  carapaces  they  have  found  in  the 
Lower  Silurian  Limestone  of  Kildare.  Little  but  the  shapes  remain 
to  guide  them ;  and  those  present  but  such  slight  modiQcations,  com- 
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pared  with  each  other  and  with  existing  forms,  that  evidently  the 
authors  approach  dangerous  ground  in  attempting  to  define  them, 
and  are  at  a  loss  to  find  distinctive  names  for  tiieir  species.  Still,  it 
is  evident  that  these  old  forms  must  be  recognized  and  catalogued ; 
and  whether  or  no  some  of  them  astonish  us  by  their  apparent 
similarity  to  (and  almost  identity  with)  living  species,  we  are  glad 
to  see  geologists  and  naturalists  attempting  to  define  them,  with 
creditable  industry  and  acumen  in  working  out  their  relationships, 
and  bringing  artistic  skill  to  bear  in  their  delineation. 


m. — Thbsaxjbus  Silubious — The  Fauna  and  Flora  of  thb 
SiLUBiAN  Pebiod.  By  John  Biosby,  M.D.,  F.Q.S.  4to.  pp.  268. 
London,  1868.     Van  Voorst. 

IT  is  impossible  to  overestimate  the  value  of  exact  books  on  any 
subject,  but  especially  does  this  apply  to  those  which  relate  to 
any  branch  of  natural  science.  Such  a  work  has  just  appeared  from 
the  pen  of  another  veteran  in  the  ranks  of  geologists;  we  say 
another,  because  it  is  not  many  months  since  Sir  Boderick  Murchi- 
Bon  completed  and  issued  the  fourth  edition  of  his  ''  Siluria,"  ^  an 
extended  and  more  useful  form  of  his  original  ''  Silurian  System  ;  *' 
and  another  distinguished  and  equally  laborious  author,  who  has 
grown  grey  in  the  service  of  geology  and  its  sister  science  palaeon- 
tology,* has  lately  completed,  in  addition  to  other  valuable  works,  his 
seventh  quarto  volume  of  researches  into  the  history  of  organic  life 
in  the  Lower  Palaeozoic  rocks  of  Bohemia.'  We  need  only  mention 
the  name  of  Joachim  Barrande  to  remind  our  readers  of  his  splendid 
work  upon  the  Trilobites  of  the  Silurian  rocks  of  the  Bohemian 
basin,^  and  his  even  larger  work  upon  the  Cephalopoda  of  the 
same  area.  Such  works  are  lasting  monuments  of  the  learning, 
labour,  zeal,  and  research  of  their  authors.  If  age  and  life-long 
devotion  to  such  labour  be  individually  paralleled,  and  measured 
by  work  done  (or  published)  the  new  world  may  be  proud  of 
James  Hall  and  his  voluminous  palaeontological  researches  into 
the  oldest  forms  of  life,  as  exhibited  upon  the  American  con- 
tinent* These  men,  and  many  others  with  the  author  of  the 
work  before  us,  seem  to  have  laboured  in  the  same  field  of  science 
and  research,  but  in  very  difiFerent  regions  of  the  globe.  Murchison 
over  the  oldest  rocks  of  the  western  parts  of  England  and  Wales, 
Scotland  and  Ireland,  the  Steppes  and  plains  of  Bussia  and  the 
Ural  mountains,  etc.,  tracing,  defining,  and  correlating  the  life- 
groups  and  Bock-masses  of  these  remote  regions  with  those  he  had 
determined  and  established  in  the  British  Islands.  The  other  seems 
to  have  lived  to  labour  with  determined  purpose  to  work  out  in 

^  Siluria.  Hist,  of  the  older  Bocks  in  the  Britiflh  Isles.    1867.    4th  Edition. 

*  Barrande. 

3  Syst^me  Silurian  du  centre  de  la  Boheme,  Vols,  for  1865-6-7-8  Cephalopoda 
and  Pteropoda.    Par  Joachim  Barrande. 

<  Systeme  Silurian  du  centre  de  la  Boheme,  Vols.  1,  2,  Crustac^  TrUobiUt.    *£«& 
Joachim  Barrande, 

Geological  Survej  of  New  York,  Palfldontology.    ^  NcAa.  q^iibx^a. 

TOL,  y.—ifo,  uu,  ^^ 
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the  most  elaborate  detail  the  physioal  Btmcfcare  and  past  life^hiitay 
of  the  Silurian  rocks  of  Bohemia,  as  wonderful  in  their  geolopod 
structure  as  in  the  richness  of  the  fauna  they  contain.  Howvd 
Barrande  has  performed  this  task,  and  how  exhaustive  have  bees 
his  researches,  the  future  history  of  geological  science  will  proiBi 

James  Hall,  whose  palieontological  reseairshes  in  the  Stato  of 
New  York  are  almost  without  a  parallel,  still  labours  as  the  "9Mi 
Geologist."  Six  quarto  volumes  attest  untirinc^  seal  for  his  fsrooito 
science;  these  are  chiefly  devoted  to  the  elucidation,  desciiptioD, flil 
history  of  the  organic  remaius  of  the  PalsBOzoic  deposits  of  thatStite. 

The  author  of  the  ''  Thesaurus  Siluricus ''  has  kept  pace  vitk 
these  great  geological  and  palsdontological  labourers,  and,  in  die 
volume  under  notice,  has  chronicled  with  faithfulness,  not  onlj 
their  results,  but  those  of  every  reliable  authority  that  the  litentmt 
of  geology  supplies ;  and  his  own  knowlege  and  research  ifl  s 
guarantee  for  the  value  of  the  compilation  and  analysis  he  Im 
undertaken.  Few  men  would  have  attempted  such  a  task,  ena 
had  they  possessed  the  requisite  amount  of  practical  knowledge  sad 
experience  necessary;  and  those  who  really  know  the  detailed 
labour,  time,  and  anxiety  involved  in  making  some  50  or  60,000 
references  will  best  appreciate  the  service  rendered  to  the  student  in 
this  department  of  science  in  the  reduction  of  mechanical  laboor 
alone ;  and  herein  lies  the  great  value  of  the  Thesaurus. 

We  question  if  any  special  catalogue  of  modem  times  was  mow 
wanted  or  better  conceived ;  but  as  it  is  the  production  of  one  who 
has  been  a  laborious  student  and  fellow-labourer  in  Silurian  geology 
and  palaeontology  for  nearly  fifty  years,  it  needs  no  apology.  Who 
has  not  felt  the  importance  in  geological  studies  of  being  enabled 
readily  to  arrive  at  facts  and  reliable  data  ;  and  without  such 
details  as  are  attempted  in  the  Thesaurus  no  generalizations  or 
solutions  of  the  great  problems  of  the  distribution  of  life  throu^ 
time  and  space  can  be  arrived  at,  for  as  the  author  happily  quotes 
on  the  title  page,  ''  The  boldest  and  happiest  generalizations  most 
depend  on  details." 

It  has  evidently  been  the  want  felt  by  the  author  of  the  Thesaurus 
of  obtiining  a  ready  knowledge  of  the  distribution  of  species  geogra- 
phically and  biographically,  that  induced  him  to  commence  his  List 
of  Silurian  life,  and  embracing  the  two  great  kingdoms  of  Plants  and 
Animals.  No  such  record,  or  muster-roll  of  either  kingdom  being 
obtainable,  except  by  wading  through  the  details  of  European  and 
American  geological  and  pala^ontological  literature,  and  consulting 
the  various  works  of  Barrande,  Bronn,  Brongniart,  Dalmaiiu,  GJold- 
fuss,  Pander,  Von  Buch,  Wahlenburg,  Koemer,  Hisinger,  Eichwald, 
Hall,  Davidson,  etc.,  etc. 

It  is  to  Silurian  time  and  deposits  only  that  this  work  applies,  and 
the  nearly  9000  species  authentically  enumerated,  geologically  and 
stratigraphiwilly  placed,  may  be  received  as  the  exliaustive  labours 
of  the  author  up  to  the  present  year,  derived  from  the  various  works 
of  every  reliable  a\\\\voT  \xipoxL  ^V\>iTva.x\.  «kxvd  general  Pala^OEoic  Greo- 
logy.     The  plan  ia  ooTn|jT«\iBn»x%  «a.^  ^^wt,  ^B^'ram^  ^w^  ^  ^uce  the 


The  Fauna  and  Flora  of  the  Silurian  Period.  523 

Btribution  of  every  species  known  to  have  existed  in  the  Silurian 
as  of  any  area  on  tiie  globe.  The  genera  are  alphabetioally  ar- 
nged  under  their  Sub-kingdom,  Province,  Class,  and  Order.  The 
mily  is  omitted,  which  we  regret,  this  being  an  important  feature 

Boological  classification.  The  author  of  each  genus,  and  date  of 
iblication  of  name,  with  important  synonyma,  is  given  in  every 
kse  where  necessary.  An  alphabetical  order  is  followed  in  the  regis- 
ation  of  the  species,  which  are  in  every  instance  stratigraphically 
iaoed  in  one  or  other,  or  all  of  the  sub-divisions  in  which  they  occur 

the  British,  American,  Bohemian,  Swedish,  Norwegian,  or  Russian. 
'Stems — initial  letters  in  this  first  column,  headed  Sub-division, 
laignating  the  particular  horizon  in  any  given  stage  (in  the  above 
vtems)  in  which  the  pstrticular  species  is  found.  The  column  headed 
enera.  Species,  and  Author  is  followed  by  three  others,  termed 
sges.  Lower,  Middle,  and  Upper,  expressive  of  the  sub-division  of 
B  Silurian  system  into  these  three  natural  life-gproups.  In  each  of 
Bse  columns  also  occurs  the  geographical  position  of  the  particular 
lecies,  thus  enabling  the  student  to  ^  the  locality  and  distribution 
'  the  forms,  and  so  mentally  to  re-people  with  life  these  old  ma- 
ne areas ;  for  geographical  distribution  is  at  least  equal  to  if  not 
'  greater  importance  than  stratigraphical  position  ;  the  former 
itermines  its  place  in  space,  the  latter  in  time — the  one  its  lateral 
Ltension  over  a  given  sea-bottom,  the  other  its  vertical  duration  or 
ngth  of  specific  life.  At  the  close  of  the  analysis  of  the  genera 
id  species  of  each  order  is  appended  a  genersdized  geographical 
iinmary,  showing  the  distribution  of  the  genera  over  the  globe. 
he  advantage  of  these  tables  cannot  be  estimated  until  used.  The 
■der  Trilohita  alone  (pp.  72-74)  amongst  many  others  commends 
lelf  to  our  notice.  The  table  contains  every  known  genus  (no  fewer 
iin  126)  named  in  alphabetical  order,  and  also  gives  their  appearance 
.  the  several  localities,  no  less  than  42  parts  of  the  globe  being  tabu- 
ted  to  receive  this  group,  viz.  24  in  America,  and  18  in  Europe 
id  Australia.  The  genus  Calymene  occurs  in  82  out  of  the  42  areas 
imed ;  Cheirurus  in  26 ;  lUtenus  in  30;  Phaeaps  in  26 ;  Aaapkus  in  23 ; 
catUhopyga  in  1 ;  Cyphaniscm  in  1 :  the  remaining  120  in  eveiy  pro- 
nrtion.  All  the  orders  of  the  animal  kingdom  known  in  the  Silu- 
an  rocks  are  treated  in  the  same  way. 

It  is  the  tabulation  of  such  individual  facts  that  leads  to  high 
)neralizations,  and  a  positive  knowledge  of  the  distribution  and 
iture  of  life  over  the  globe,  and  renders  it  in  our  power  to  re-people 
id  restore  lost  continents,  marine  areas ;  to  map  out  geographical 
itlines,  and  to  show  the  probable  depth  and  shape  of  palsdozoic 
as:  to  understand  those  groups  and  communities  of  life,  those 
»cal  colonies,  and  the  missing  links  in  time  which  perplex  the 
ilffiontologist  at  every  stage  of  his  investigation,  especially  in  the 
[lurian  regions  of  Wales,  Bohemia,  Scandinavia,  Spain,  Canada, 
id  America.  Fifty  pages  of  facts  and  observations  herald  the 
able  itself,  these  not  only  explain  the  use  of  the'  ThesaMLra&>  Vs*^ 
Ley  forecast  and  lay  down  in  short  and  terse  paxaigrab^^^  ^^xeis^^'I^^^ 
rand  deduotione  that  may  be  arrived  at,  thioug\i  \!b,e  ix^aaa  oi 


524  Reme%D9 — Biffsby^s  Thesaurus  8ilurieu»— 

contained  in  the  200  pages  of  seemingl j  unattnictiTe  matter,  ereij 
line  of  which  however  helps  to  build  up  a  catalogae  of  pii 
existences  and  their  history.  The  Thesauras  exhibits  the  oom{J0te 
analysis  of  Silurian  life  in  all  its  phases,  and  the  highest  genenlia- 
tions  and  philosophical  deductions  may  be  drawn  from  the  gnsi  tiUa 
itself.  The  fifty  pages  alone  testify  to  the  value  of  details,  andhov 
much  we  are  indebted  to  the  patient  labour  of  the  author,  who  hfl|Mi 
that  the  '*  more  obvious  facts  and  inferences  to  be  derived  from  tiM 
body  of  the  work  will  invite  a  broader,  more  leisurely,  and  mors  aUi. 
study  than  is  in  his  power  to  bestow." 

Amongst  the  more  prominent  questions  arising  from  a  Am 
analysis  of  the  Thesaurus,  the  author  has  selected  twelve ;  three  of 
which  are  examples  of  the  mode  of  analysis  that  the  ordtn  iniy  be 
subjected  to,  and  the  facts  which  may  be  deduced  from  them. 

The  number  of  orders  or  groups  adopted  in  the  work  are  sem- 
teen,  but  throe  only  are  selected  in  the  introduction  to  show  analyeisi 
viz.,  the  Oasteropoda,  Trilchita,  and  Echinodermaia^  these  being  evi- 
dently chosen  as  showing  greater  diversity  and  detailed  iatereit 
Nine  other  questions  or  enquiries  are  selected — two  of  them  hsvio^ 
reference  to  the  Primordial  stage  and  the  Bohemian  area,  iriiiht 
seven  embrace  questions  of  the  highest  importance  to  a  right  nd 
philosophical  understanding  of  the  distribution  and  laws  of  ^ 
through  all  time. 

1.  Universality; — is  here  used  in  a  physical  as  well  as  natmil 
history  sense.  The  former  refers  to  the  once  universal  distributios 
of  the  Silurian  seas,  (and,  as  a  consequence,  of  Siluri&n  rcK^} 
more  or  less  over  the  globe  ;  and,  secondly,  the  universality  of  tke 
distribution  of  numerous  genera  and  species  in  and  through  one  or 
other  of  the  three  stages  comprising  the  Silurian  system. 

Examples  occur  through  the  Thesaurus  of  many  species  of  Mol- 
liisca  occurring  in  twenty-five  diflFerent  countries,  extensive  and  ftr 
apart,  a  proof  of  the  amount  of  time  required  for  their  distribadoa 
and  migration  in  space ;  other  genera,  on  the  other  hand,  lived « 
during  the  deposition  of  a  whole  group  of  rocks,  thus  illustratiii^ 
their  duration  in  time.  In  this  way  we  know  of  the  range  of  Tke» 
triangidaria  through  all  the  many  different  sediments  comprising  Ae 
Hudson  Kiver  group  in  North  America,  and  that  it  is  also  a  commoi 
British  Pteropod  in  the  Caradoc  rocks  of  Ireland,  Denbighshire^ 
Westmoreland,  Spain,  etc.  The  Thesaurus  shows  us  that  210specief 
of  all  orders  are  common  to  Europe  and  America ;  sixty  Europett 
Silurian  genera  are  common  also  to  South  Australia;  and  eighteo 
species  of  the  Graptolites  of  Australia  are  also  common  to,  and 
identical  with,  those  of  North  America  and  Europe. 

Some  Silurian  fossils  may  be  said  to  bo  cosmopolitan.  The  TV 
saurus  exhibits  this  on  almost  every  page.  After  tersely  noticing 
many  facts  connected  with,  and  as  proof  of  this  universality  of  thf 
Silurian  epoch,  Dr.  Bigsby  sums  up  this  commencement  of  th« 
universality  of  epochs  by  stating  that  '*%t  ts  a  great  fact  and  enMt  I 

*  These  aie — ^1.  T3m^emV\t^»    *I»\iwssiSciJc^.    ^.  First  appearance.     4.  DurttiA  I 
longevity,  and  ex\aiisAioii.    5, 'Mi^ignSassiu   ^^^^Msostsss^^  A.^^^sc^jaaflQ,  I 
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Hi  to  apply  to  one  end  of  the  earth  informaiion  and  reasoning  gathered 
ai  another" 

2.  Locality. — Life  is  dependant  npon  local  oonditiona  and  local 
influences,  which  regulate  its  nature,  condition,  and  almost  absolute 
quantity, — the  resting  place,  the  feeding  ground,  the  home,  are  all 
fixed  by  the  concentration  of  conditions  suitable  to  the  well-being 
and  conservation  of  life,  either  from  the  plain  to  the  mountain  top,  or 
from  tide  mark  to  the  most  profound  depths  of  the  ocean.     The 

!*.  ^esaurus  exhibits  and  enables  us  to  reason  upon  the  distribution, 
and  zone  selected  by  species  in  hundreds  of  instances.  In  Silurian 
times,  as  now,  every  large  area  of  sea  bottom  had  its  own  conditions, 

;  its  own  fetuna  and  flora;  and  we  see,  through  the  elaborate  table 
before  us,  that  old  disconnected  areas  are  nevertheless,  through 
generic,  if  not  specific  identity,  connected  by  the  common  ties  of  the 
great  and  predominant  types  of  life ;  that  time  and  attendant  circum- 
stances allowed  for  distribution.  The  Thesaurus  also  declares  to  us, 
through  the  analysis  of  its  closely  printed  tabular  columns,  that  the 

.'*    physical  state  of  land  and  sea  was  in  Silurian  times,  as  now,  re- 

;*;  stricted  as  to  population,  to  those  localities  where  the  conditions  were 
most  favourable  for  the  maintenance  and  development  of  life ;  and, 

"  above  all,  we  are  enabled  to  arrive  at  conclusive  evidence  that  the 
maximum  of  life  was,  as  now,  usually  local,  i.e.  adopting  abundance, 

'-'  variety,  and  rank  as  the  test.  In  fact,  localization  in  time  and  space, 
a  matter  so  essential  to  understanding  the  past  distribution  of  organic 

f-  remains,  can  alone  be  wrought  out  by  means  of  the  facts  and  details 
spread  through  the  work  before  us.  The  author,  at  page  xxxiv.,  in 
speaking  of  the  localization  of  life  in  time  or  space,  as  deduced  from 
his  Thesaurus,  says,  "  The  rich  Primordial  beds  of  Western  New- 
foundland and  of  Quebec — the  crowded  Pleta  beds  of  Esthonia  and 
Sussia — ^the  Trenton  Limestone  of  the  State  of  New  York — the 
Bohemian  beds  E.  e  1,  2  (=Upper  Silurian :  Third  fauna,  Lower 
Limestone) — some  of  the  Welsh  beds  near  the  same  horizon  as  those 
of  Prague — the  Lower  Elderberg  rocks  of  Mew  York,  are  all  striking 
examples  of  localization  in  time  and  place."  Again,  "  Parts  of  the 
Middle  Silurian  of  Wales  and  New  York  present  a  great  dearth  of 
life,  for  well  known  reasons ;  even  the  rich  Silurian  strata  of  Bohemia 
are  occasionally  only  so  in  the  form  of  an  oasis,  the  sediments  around 
them  having  scarcely  a  single  tenant." 

The  Potsdam  sandstone  (Primordial)  of  the  St.  Lawrence  and 
Mississippi  valleys  gives  no  si^s  of  life  for  many  thousands  of  square 
miles  except  in  patches,  peopled  chiefly  with  Lingida  in  incalculable 
myriads.  In  these,  amongst  a  host  of  other  deposits,  and  localities, 
the  Thesaurus  conspicuously  shows  and  proves  the  doctrine  of  the 
influence  of  locality  on  the  nature  and  amount  of  life.  So  important 
18  the  question  of  locality  (i.e.  definite  localities)  in  connection  with 
the  distribution  of  life,  that  we  are  obliged  to  look  at  some  special 
groups  as  having  existed  during  Silurian  times  in  this  or  that  par- 
ticular area  only.  Such  is  the  case  with  the  group  of  fishes,  certain 
genera  of  the  Trilohtta,  and  peculiar  families  of  the  Gasteropoda  and 
Cephalopoda.    The  Thesaurus,  for  example,  caXaXo^^^  «\x\.^  Ys^ci^sv^^ 
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of  A$aphu$,  GDljfomr  speoies  of  wliioh  genua  ooonr  in  Bohnui  mi 
ten  in  Britain ;  the  local  distribution  of  such  genera  as  Madtnt,^ 
peculiarities  of  the  geographical  distribution  of  the  Braekuip^  ete^ 
can  only  be  arrived  at  through  recasting  again  the  facts  of  looliij 
and  appearance  given  in  the  ''  table."  This  old  geographical  dutn- 
bntion  of  certain  forms  of  life  can  be  approximately  ezplamed  bj 
the  peculiarities  of  the  present  fauna  of  Guadalonpe,  the  Hadm 
St.  Helena,  Madagascar,  Australia,  South  America,^  etc.  etc  GLeidj. 
then,  the  9000  Silurian  species,  here  for  the  first  time  catalogued,  i3I 
well  repay  the  student  wishing  to  constniot  for  himself  tabk«  of 
life  and  localities,  or  to  comprehend  ih^  faunas  of  the  old  geogo^ 
phiceJ  areas  once  occupied  by  the  Silurian  seas. 

3.  Fir8i  appearance.  It  is  with  the  earliest-known  expreflSMQ,  oi 
dawn  of  life  on  the  globe,  that  the  compiler  of  the  Thesaurus  deals; 
but  we  may  ask,  who  has  seen,  or  knows,  where  the  line  has  3f«<  tok 
drawn,  by  any  syatemf  that  shall  say,  "  below  this  there  are  no  remam 
of  a  former  life.  A  few  years  since  it  was  commonly  believed  tbat 
the  term  ''Primordial  Zone"  (as  used  by  Barrande,  Murchiaon. 
and  others)  defined  the  limit  of  our  knowledge  of  the  downward 
range  of  organic  life.  This  view  has  long  since  been  abandoned,  fur 
thousands  of  feet  below  the  so-called  Lower  Lingula  flags  of  Gnai 
Britain  and  Bohemia  we  have  life  entombed  in  the  metamorphoaed 
Laurentian  rocks  of  Canada,  and  in  the  older  Cambrian  of  WsJea  i» 
are  daily  disentombing  some  new  forms  of  life  from  sedimentary 
rocks  of  the  liifijhest  antiquity,  but  "  first  appearanco  as  yet,"  d'jrf 
not  settle  the  date  of  the  commencement  of  lifo  ,*  this  we  liave  still  to 
learn.  Thus  much  we  do  know,  tliat  certain  groups  of  organiwi 
beings  make  their  appearance  much  about  the  same  time,  viz..  the 
Arlictdatay  lirachiopoda^  and  Annelida,  which  are  all  associated  in  the 
Primordial  beds,  and  also  in  the  underlying  and  older  Cambrian. 

4.  TJie  life  or  duration  of  Species. — This  and  the  determination  d 
a  species  is  one  of  the  vexed  questions  of  the  day  in  Biolc^cal 
science.  The  statistics  of  lifo,  as  chronicled  in  the  Thesaurus  open 
up  this  question,  and  enable  us  to  trace  the  vertical  range  of  life 
and  development  of  species  through  vast  lapses  of  time,  and  what- 
ever may  be  the  causes  that  modify  forms  (icith  ichich  the  Thesaum 
does  not  attempt  to  deal),  we  are  nevertheless  enabled  to  see  and  trace 
the  range  of  those  forms  called  species,  and  which,  as  recognized, 
aid  the  Geological  student  in  the  determination  and  fixing  of  eortain 
definite  lines  of  demarcation,  and  in  the  construction  of  systems 
Gknera  are  less  affected  than  species,  and  have  lived  on  throagh 
a  lapse  of  time  beyond  our  conception  ;  whereas  the  life  of  an  indi- 
vidual is  ephemeral,  for,  says  the  author  of  Thesaurus,  so  "nimieroffl 
are  their  generations  that  it  is  idle  to  speak  of  them  as  less  tkin 
himdreds  of  thousands"  (p.  xxxviii).  Under  this  head  the  author, 
in  his  introduction,  enumerates  and  suggests  some  important  factf 
for  our  consideration,  and  clearly  sets  forth  the  views  of  Banrand* 
upon  the  relative  measurement  of  organic  existence  and  longeritr. 

^  In  (act,  they  Tcs^eseii^  ^^  Q»u\>icc^^  qt  T^sa^^aLuta  of  old  Plre-Sxlurian  finuifl^  v^ 
•ntirely  Bwept  aw«i.yby  ^<q  «^xol^s^  \B&»ii.<)l^^sans^\)^ 
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taking  the  Bohemian  Cephalopoda,  Brachiopoda,  Trilcbila,  Chutere" 
poda,  eta,  as  groups  whereon  to  establish  his  views  of  duration, 
Buocession,  and  measurement  of  stages,  periods,  or  eras. 

ExHneiian  of  Spedes,  eta — ^If  any  branch  of  geological  enquiry 

interests  the  palsBontologist  more  than  another  it  is  (he  beginning  and 

ending  of  forms  called  species,  which  includes  also  the£r  range.     We 

are  enabled  to  arrive  at  a  solution  to  this  important  question  through 

the  Thesaurus.    The  great  subdivisions  of  the  geological  series  are 

baaed  upon  the  first  appearance  and  persistence  in  time  of  a  certain 

oommunity  of  species,  like  that  marking  the  Silurian,  Devonian, 

Carboniferous,  Oolitic,  Cretaceous,  and  Tertiary  periods  exhibit ;  the 

dtoee  of  each  epoch  being  marked  by  the  extinction,  modification,  or 

migration,  of  the  life  of  the  period  to  a  greater  extent  than  at  other 

liorizons.   And  thus  we  find  Silurian  life  was  greatly  modified,  though 

of  course  not  discontinued,  everywhere  on  the  same  horizon.     In 

Hritain  two  species  only  can  be  said  to  be  common  to  the  Silurian 

and  Devonian  periods. 

One  of  the  causes  of  extinction  is,  and  ever  has  been,  in  universal 
operation,  more  or  less  everywhere ;  this  is  oscillation  of  level, 
-which  constantly  alters  the  form  and  proportions  of  land  and  sea ; 
the  temperature  and  all  the  physical  conditions  attendant  upon  them, 
and.  consequently  also  the  life  thereon  and  therein,  the  peopling  of 
the  many  stages  of  the  Silurian  system  can,  both  in  their  advent  and 
extinction,  be  arrived  at  through  the  details  set  forth  in  the  first 
column,  entitled  ''Subdivision,"  and  the  three  following  headed 
stages  in  the  Thesaurus.  To  our  minds  the  philosophy  of  the 
-whole  question  of  locality,  duration  in  time,  extinction,  migration, 
reonrrence,  and  divergence  in  species  is  based  upon  and  governed  by 
the  same  laws  which  regulate  the  relative  amount  of  sea  and  land, 
both  vertical  and  horizontal,  and  with  it  the  life  subjected  to  those 
-vicissitudeB.  Habit  is  changed,  locality  shifted,  and  all  must  either 
aocommodate  themselves  to  new  feeding-grounds  and  homes,  or  perish. 
Extinction  or  migration,  accommodation  or  change,  must  follow, 
nrhether  the  time  involved  in  effecting  the  change  be  long  or  short 
^The  author  of  the  Thesaurus  happily  and  briefly  explains  in  the  intro- 
duction many  of  the  phenomena  attendant  upon  such  ever-recurring 
oonditions  of  the  sea  and  land.  The  table  states  this,  but  registers  only 
the  fact  of  occurrence ;  and  when  we  know  that  the  whole  of  the 
9000  species  analysed  therein  seem  to  have  passed  away  at  the  close 
of  the  SUurian  epoch,  we  may  well  endeavour  to  accoimt  for,  or 
propound  a  doctrine  which  shall  satisfactorily  explain  away  this 
apparent  extinction,  without  having  recourse  to  the  old  notion  of 
cataclysms. 

6.  Migration. — ^Transport  and  migration  are  two  distinct  acts,  one 
passive  and  dependant,  the  other  an  individual  power,  governed  by 
-vrill  or  instinct.  Marine  and  fresh- water  forms,  when  life  has  ceased 
to  perform  its  functions,  are  transported  by  currents,  waves,  or 
streams.  The  remains  of  oldey^Mgmations,  through  the  influence  of 
denndalion,  are  occasionally  d|^Pfe||ed  in  conglomerate-beds,  or 
txaoflported  to  other  sedimaDflr^   ^^liou  ox  x^ind-HiyHi^^^^stf:^ 


to  piaoe  under  phynoal  ohanges  and  Titel  laws,  ham  em  ben  i 
great  fact  The  fiEuina  of  eyery  great  geologioal  epoch  (and  fti 
flora  in  many  oases  also) ,  bas,  tfaiong^  all  its  cdiangea,  whether  ibilf 
or  saddenly,  been  sdbjeot  to  the  vioisaitadeB  of  life  thion^^  Urn  ktf 
voyage  of  time.  The  colonisation  of  nnoooapied  spots  yro»  orovdn 
areas,  changes  of  piaoe  through  leproduotion  and  individual  wmii, 
the  great  influence  of  ^naiuial  selection,  and  the  atrugig^  fa 
existonoe,*'  are  inducements  to,  and  oauses  of  migration.  Hie  groiy- 
ing  then,  or  communities  of  organic  zemainBy  the  colonies  of  oUsi 
times  that  lie  entombed  in  the  shales,  limeetonea,  and  aandstonei  rf 
the  Silurian  rooks,  are  to  us  but  ezpressiouB  and  fiuthfdl  wiinesBeirf 
the  distribution  of  life  through  that  long  epooh ;  sea-deserts  of  iud, 
and  barren  wastes,  unsuited  to  and  impassable  by  inany  of  the  moUnM^ 
and  other  creatures,  occurred  then  as  now  to  arrest  migration,  or  ood- 
oentrate  a  peculiar  &una  in  one  spot  Such  patches  of  fossil  life  in  the 
midst  of  old  untenanted  wastes  in  the  Silurian  rocks  are  well-knowi 
to  all  investigatorB.  Some  beds  of  TrUMta  which  (like  an  oasis  to 
the  collector)  really  do  occur  amid  such  wastes  in  the  Bohemian  bann, 
and  research  tells  us  that  whole  communities  have  returned  to  fti 
country  from  which  they  had  migrated,  or  had  long  abandoned  One 
am6ngst  others  of  this  kind  of  repossession  of  an  abandoned  ana  ii 
illustrated  by  Mr.  Qodwin-Austen,  as  occurring  in  the  Palsoiok 
rooks  of  the  Boulonnais,  where  alterations  or  tutemations  of  l^fd 
have  introduced  into  the  same  area,  successively,  distinct  assemblagei 
of  suitable  marine  life,  one  or  two  of  these  aooomplishing  a  repe- 
tition of  occupancy  (Quart.  Joum.  G^L  Soc.  Lond.  ix.  p.  2M). 

The  migratory  power  of  the  moUusca  is  undeniable,  but  it  vaiifli 
in  certain  groups.  The  Pelagic  Cephcdopodaj  Pterapoda,  etc.,  being 
free  dwellers  in  the  open  seas,  drop  on,  and  into,  all  grounds  on  the 
ocean  floor,  and  live  independently  of  all  sediment,  whilst  current! 
sweep  away  the  Byssoid  Brachiapoda  and  fixed  Ccdenterata  (corals). 

Bathymetric  conditions  also  govern  the  distribution  of  life— 
and  time  being  granted — with  shore-lines,  and  coasts,  and  some 
constancy  of  ocean  depth ;  and  the  distribution  of  the  ocean  fauna  ai 
the  present  day,  may  be  applied  to  the  faunsd  of  every  past  epodL 
Centres  of  distribution  or  migration  may  be  determined  by  the  use  of 
the  Thesaurus  for  any  place  so  well  worked  and  understood  as  Greet 
Britain,  Bohemia,  Esthonia,  etc.,  and  much  of  America.  The  author 
at  p.  xUii.  of  his  introduction  gives  a  table  (table  U)  showing  the 
direction  pursued  by  210  species  which  are  common  to  North-East 
America  and  Europe  (Western  chiefly),  or  the  direction  of  species  in 
transitu  between  North  America  and  Europe,  together  with  the 
**  Isozonals  "  of  both  hemispheres.  He  enumerates  15  groups,  and 
shows  by  means  of  the  Tabular  Thesaurus  that  35  species  migrated 
West  from  Europe  to  America,  and  30  East  from  America  to  Europe ; 
and  also  shows  that  145  species,  or  double  the  number  of  migrants, 
are  "  isozonal,"  ue.  are  common  to  the  two  hemispheres  in  the  same 
rock,  or  to  the  Silurian  system ;  and  six  out  of  the  fifteen  groups 
exhibit  no  trace  of  travel  or  migration,  although  they  are  large  and 
important,  namely,  ^<b  Eeli«aiod«nMila  2d4  species;    the  LamtUh 
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hranektaia-XonmHjfaria,  1  only  ont  of  1636 ;  Dim^aria  nona  out  of 
€26  ;   Gatteropoda  1  only  out  of  944. 

We  select  Uie  following  table  oat  of  mauy  in  tlie  mtroduotdon  to 
flhow  the  mode  of  generalization.  All  the  tweiaty-ax  tablea  are 
oonatnioted  from  the  body  of  the  Theaannia  ;  —  Dr.  Bigsby  re- 
marks, a  Montreal  foseil  we  trace  Southwards  to  Peniuylvania, 
Weatwards  into  Uinnesota,  and  Eaatwarda  to  Antiooetl ;  and  Minne- 
sotanB  are  found  in  the  Texas,  eto.,  and  the  Australian  IHplograpwnt 
priitii  (Hiainger)  also  flourished  in  Britain,  and  Canada  ou  the  same 
zone.  The  game  species  of  Trilobitea,  Corals,  and  Brachiopods  are 
found  along  lines  of  coast  6000  miles  long,  traceable  &om  Canada 
to  Bussia,  Britain,  eto. 
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6.  Beatrrenee  of  verlieat  range. — The  author  of  the  Thesaurus 
doTotos  much  space  to  the  discussion  and  elucidation  of  priociplea 
in  this  highly  important  question  in  stratigraphical  Oeology.  The 
value  of  the  ivhole  Thesaurus,  its  well-stored  columns  and  foots,  is 
appareat  when  we  come  to  the  question  of  the  recurrence  of  speaee 
in  time  ;  their  upward  pass^e  and  life  through  long  ages  and  succee- 
BiTo  generations.  The  task  of  searching  whole  libraries  for  such 
details  (whioh  otherwise  must  have  been  done  by  the  student)  are 
aToidod  if  we  consult  the  Thesaurus  with  fidelity ;  and  whether  we 
hold  the  views  of  those  who  believe  in  the  limited  duration  of  speoies 
in  time  or  not,  the  facts  as  they  occur  all  through  the  Thesaums  will 
stand  the  same.  We  are  enabled  to  trace  the  range  of  any  p-ren 
species  through  the  different  stages,  and  may,  we  tjunk,  modify  the 
notion  possessed  by  some  Palteontologist  as  to  the  distinotneBS  of 
species  found  in  differmt  horizons;  for  progress  daily  t«aofaeg  na 
that  we  must  not  too  strictly  narrow  the  stratigraphical  limits  of 
species,  neither  would  we,  on  the  other  hand,  advocate  destroying 
all  sharp  lines  of  demarcatiun ;  both  views  have  their  valne,  when 
our  diagrtoses  are  not  too  forced  or  narrow.  Denudation  and  breaks 
in  time  must  have  their  weight  even  here.  "  Species,"  eays  the 
author  of  the  Thesaums,  "are  the  principal  time-tests,  genera  and 
families  run  through  so  many  stages  and  epochs  that  Ukey  characterise 
none."  The  opposite  ia  the  case,  however,  with  species  well  deter- 
mined,— they  are  the  only  tests  of  age  and  suocession,  and  in  great 
overlaps  and  some  apparently  superposed  strata,  species  only  will 
determine  the  conditions,  lie  author  of  the  TheeanroK  ^iw  (;(s<^- 
strooted  out  of  Mb  work  a  veiy  importaat  Bjno^i&csi'^'^  <A^SiNi»a». 
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life  in  referenoe  to  Tertioal  range  or  reoui-renoyy  as  known  ia  1865. 
In  table  x.,  p.  xlv.,  the  entire  animal  kingdom  then  known  (mi 
(5,184  species)  in  the  Silurian  strata  is  analyzed ;  the  niunber  of 
species  in  each  stage  or  division  of  the  Silurian  system  or  speciM 
typical  of  one  horizon  (Silurian)  is  given,  the  recurrent  number  ii 
then  shown  for  all  the  groups,  and  the  average  ^ven  for  each  groof^ 
To  show  the  importance  of  the  Thesaurus  in  the  analysis  of  s«^ 
facts,  we  may  mention  amongst  others  that  throughout  the  sa^ 
kingdom  drleHUrata,  numbering  311  species,  no  leas  than  70  (or 
18  per  cent.)  occur  in  a  recurrent  state,  in  the  proportion  of  51  fa 
the  Lower  Silurian,  14  for  the  Middle,  and  5  for  the  Upper ;  the  TrUih 
hita,  possessing  846  species,  in  the  proportion  of  91,  16,  32=139,  (ff 
14  per  cent,  of  the  whole  order ;  and  so  on  through  the  animal  king- 
dom, every  individual  species  can  be  traced  in  the  body  of  the  work : 
and  believing  in  the  fidelity  and  trustworthiness  of  the  author,  and  the 
pains  he  has  taken  to  arrive  at  truth  and  exactness,  we  may  assume 
that  the  facts  and  their  deductions  are  reliable.  The  universality  of 
recurrence  in  marine  life,  whether  ancient  or  modem,  is  traceable, 
and  common  to  all  and  every  part  of  time, — every  succeeding  epoch, 
from  tlio  earliest  upwards,  exhibiting  this.  It  may  be,  as  the  aathor 
states,  a  measure  of  vitality  or  capacity  for  enduring  change  of  food, 
pressure,  temperature,  etc.,  the  number  of  recurrents  being  a  mea- 
sure of  new  conditions,  and  the  conditions  favouring  or  rendering 
this  possible  arc  simplicity  of  structure,  fecundity  in  reproduction, 
longevity,  power  of  locomotion,  facility  in  transportation,  etc.  etc. 
Whilst  seiliments  (many  of  which  recurrents  tolerate)  are  slowly 
accumulating,  generations  mount  up  with  the  increasing  thickness. 
Entire  areas  of  the  world  show  these  conditions  exemplifie<l  through 
the  Trilohita,  Gasteropoday  Cephalopoda,  and  Coeienierata  of  tiie 
Silurian  stiiges.  So  largely  is  this  question  dealt  with  in  generalitie* 
and  suggestions  in  the  Thesaurus  that  we  must  refer  the  reader  to  the 
section,  and  tables  X  and  Y,  pp.  xlv.  and  xlvii. 

7.  Divergence, — The  autlior  of  Thesaurus  has  constructed  a  table 
at  page  49,  which  he  terms  "  MoUuscan  sea-grounds,"  ranging  over 
eleven  large  regions.  It  is  done  with  the  \'iew  of  arriving  at  some 
definite  conclusions  as  to  the  nature  of  the  sea-bottom,  its  sediments, 
and  feeding-groimds  for  the  mollusca,  etc.,  etc. 

This  table  may  be  ap[)lied  to  the  same  or  similar  conditions 
through  all  Silurian  time  ;  eleven  kinds  of  sea-bottom  are  also 
registered,  which  may  be  assumed  as  habitats,  and  over  which  the 
dredge  has  passed.  Forbes  investigated  the  sea-grounds,  etc  of 
North-west  Scotland,  South  and  West  England,  and  the  -^gean  Sea ; 
J.  Gwyn  Jefi'rcys,  the  British  seas  generally ;  Mc Andrews,  tho  North- 
east Atlantic,  Vigo,  and  Carthagena  Bays,  the  Mediterranean,  and 
Norway ;  Gumming,  the  East  and  West  Pacific  ;  C.  B.  Adams, 
Panama  and  South  America ;  and  Hinds,  the  West  Pacific. 

In  1863  3138  species  had  been  dredged,  and  in  these  there  appear 
to  be  1993  divergent  species.  Tho  last  four  columns  in  the  table 
may  now  be  considerably  added  to,  but  the  principle  is  the  same. 
The  result  of  5000  SkO^j^  oi  dccc^^^gav^  «s^  Tftjo^rdod  by  these  ex- 
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perienoed  naturalistfl  in  eloTen  large  areas  and  sea-bottoms.  The 
study  of  these  mens'  labours  must  be  the  interpretation  and  re- 
velation of  nearly  closed  basins,  long  shores,  and  open  sea  dredg- 
ings,  with  their  treasures  and  results. — RE. 

(7b  d#  eentitmed,) 
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I.~NBW  METEORITE  FEOM  SOUTH  AFEICA,  Em,  Etc. 

Sib, — During  a  recent  visit  to  South  Africa  I  was  staying  a  few  days 
at  Colesberg,  some  600  miles  up  the  country,  when  I  accidently  heard 
from,  a  trader,  who  had  just  returned  from  some  distance  beyond  the 
Great  Orange  Eiver,  that  Captain  Nicolas  Waterboer,  the  Griqua 
ohief,  had  a  meteoric  stone.  Now,  it  is  frequently  the  case  when 
you  hear  of  an  aerolite  in  this  manner,  that  some  considerable  doubt 
arises  as  to  whether  it  really  is  a  true  meteorite  or  an  imagined  one ; 
however,  as  I  was  now  on  my  way  up  the  country  in  that  direction, 
I  took  note  of  the  report  and  resolved  to  satisfy  myself  as  to  its 
being  a  genuine  one. 

After  three  weeks  or  more,  on  my  arrival  in  Griqua  town,  I 
found  out  that  the  report  of  ttiis  stone  was  quite  correct,  and  I  ob- 
tained the  following  particulars  from  the  Rev.  James  Good,  the  Mis- 
sionary at  Griqua  Town.  It  was  brought  to  him  on  or  about  the  1st 
of  April  this  year  by  a  Griqua  who  saw  it  fall  near  his  hut  on 
March  20,  1868,  who  said  it  smelt  strong  of  sulphur,  and  was  warm 
when  he  picked  it  up.  It  fell  at  Daniels  Kuil,  in  Griqua  territory, 
about  two  days  journey  N.N.E.  of  Griqua  Town,  and  was  brought 
into  the  town  by  the  native  who  saw  it  fall  and  who  offered  it  to 
Mr.  Gk)od,  who,  not  being  much  interested  in  it,  told  the  man  to 
take  it  home  again  with  him ;  the  man,  however,  gave  it  to  Oap- 
tain  Waterboer  from  whom  I  obtained  it. 

This  meteorite  is  of  small  size,  weighing  only  2  lbs.  5  oz.  and  was 
the  only  one  seen  to  fall.  It  contains  a  very  large  amount  of  free 
iron  disseminated  evenly  through  it,  together  with  Troilite,  Sohreiber- 
site,  etc.  This  stone  contains  more  iron  than  any  other  I  have  seen, 
but  in  a  very  fine  state  of  division.  It  is  of  a  dark  greyish  colour 
with  a  fine  granular  texture,  speckled  with  small  brown  patches, 
owing  to  the  alteration  of  the  iron  present ;  most  of  the  iron  seen  on 
the  broken  surface  of  the  interior  of  the  stone  is  in  extremely  minute 
points,  which  glitter  like  the  broken  surface  of  a  piece  of  sandstone. 
Frequently  in  meteoric  stones  there  appears  to  be  small  roundish 
grains,  sometimes  so  abundant  as  to  give  the  stone  an  Oolitic  cha- 
racter ;  this  is  not  apparent  in  this  specimen. 

The  crust  on  the  outer  surface  is  of  a  dull  blackish  colour,  and  im- 
mediately below,  for  a  thickness  of  perhaps  one-eighth  of  an  inch,  the 
stone  is  browner  in  colour  than  the  rest  of  the  interior,  owing  to 
partial  alteration.  When  this  aerolite  came  into  my  hands  it  was 
broken  into  two  parts,  and  the  fractured  surfaces  were  very  much 
altered,  the  iron  being  much  oxidised,  thus  rendering  the  stone  muoh 
browner  than  at  a  fr^  fracture. 
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Professor  A.  H.  Church  has  very  kindly  analysed  it  with  the  fol- 
lowing results : 

Density 8*667 

Nickel-Iron 2972 

/  Contains :  Fe.  94.72  \ 

\  Ni.    6.18/ 

Troilite  6-02 

Schreibenite  1*59 

Silica  and  Silicates 61*58 

Oxygen,  other  substanoes,  and  loss  1*14 

100-00 

The  meteorite  gives  off  sulphuretted  hydrogen  when  treated  with  add. 

I  have  jost  suooeeded  in  obtaining  a  cast  of  the  stone  in  plaster  of 
Paris,  which,  being  coloured,  is  a  perfect  fieu^imile  of  the  whole  me- 
teorite as  it  fell. 

It  is  remarkable,  considering  the  large  extent  of  oountiy  now 
being  much  travelled  over,  even  for  a  very  great  distance,  that  «> 
few  meteoric  stones  or  irons  are  found  in  that  part  of  the  globe. 
India  has  of  late  years  produced  a  large  number,  some  40  or  50, 
while  in  the  Southern  portion  of  Africa  some  7  or  8  are  all  that 
we  know  of. 

n. — Mkteobio  Iron  prom  South  Africa. — On  my  return  to 
Cape  Town  in  August  last  from  the  Orange  Biver,  on  visiting  the 
South  African  Museum,  Mr.  E.  L.  Layard  pointed  out  to  me  a 
small  piece  of  meteoric  iron,  the  weight  of  which  was  only  about 
six  or  seven  pounds.  It  was,  as  usual  with  these  irons,  mudi 
altered  and  decomposed  on  the  exterior  surface,  evidently  owing 
to  the  large  proportion  of  the  meteoric  mineral-iron  sulphides, 
which,  as  is  well  known,  attract  much  moisture  from  the  atmosphere, 
thereby  causing  the  mass  to  crumble  and  fall  to  pieces.  IVIr.  Layard 
was  kind  enough  to  give  me  a  small  portion  of  this  iron,  in 
which  part  of  the  metal  was  not  altered  in  any  way.  This  meteoric 
iron  was  said  to  have  been  seen  to  fall  at  Victoria,  West,  some  dis- 
tance up  the  country,  in  1862.  It  has  not  been  analysed,  and  its 
existence  seems  to  be  unknown  in  Europe. 

I  have  had  my  specimen  polished  and  etched  in  the  usual  manner; 
it  exhibits  the  crystalline  markings  similar  to  those  seen  in  the  other 
meteoric  irons,  but  perhaps  in  finer  and  more  delicate  lines. 

m. — Ancient  Stonk  Implements. — I  procured  several  stone  im- 
plements in  August  last,  during  a  recent  visit  to  South  Africa,  that 
were  found  on  the  Cape  Flats,  a  largo  flat  extent  of  country  near 
Cape  Town.  The  materials  from  which  they  are  fashioned  are  not 
flint,  though  some  have  a  very  flinty  appearance ;  they  are  mostly 
made  of  a  kind  of  quartzite,  or  very  hard  and  compact  sandstone 
of  a  yellowish  brown  colour  ;  some  are  made  of  a  variety  of  jasper, 
though  somewhat  of  a  coarse  texture ;  these  stones  being  foimd 
plentifully  in  various  localities  in  the  southern  part  of  the  Cape 
Colony ;  some  of  these  sandstones  have  been  assigned  to  the  Db- 
vonian  age,  and  many  of  them  are  extremely  friable ;  occasionally 
we  find  these  implQmen\A  in&j^^  oi  «b  O^i^e^cX.^  %\n^<^^  but  none  of  true 
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flint ;  the  J  are  mosdj  mow-heftds  witii  acmie  knife  flakes.  I  haTe 
also  a  large  loand  flatti«h  hammer-head  (with  a  loond  hole  in 
the  centre)  y  firom  the  same  locality,  the  wfoght  of  whidi  is  ahoat 
two  pounds.  Jamss  B.  Oesgokt. 

ON   HSTBROPBTLLIA   MIRABIZI8,  DUNCAN. 

Sm, — ^In  the  Gkological  MAGAzxmB  of  this  month  (October,  1868), 
Mr.  John  Young,  speaking  of  HeientphyUim  mrabHU,  and  EL  Lifelli 
(as  described  by  Dr.  Duncan  in  the  TnmMictions  of  the  Boyal  Society), 
suggests  that  the  error,  as  he  considers  it,  of  representing  the  hook* 
shaped  processes  attached  to  H,  wUrabUU  as  articulated,  may  have 
arisen  fiom  the  specimens  examined  being  worn  or  indefinite.  This 
was  not  the  case.  The  corals,  which  I  believe  were  the  property 
of  Mr.  Thomson  of  Glasgow,  were  perfectly  sharp  and  distinct 
The  bulb  or  tubercle,  with  a  pit  in  its  centre,  and  the  slight  con* 
cavity  at  the  base  of  the  booklet  being  too  decided  to  admit  of  any 
doubt  or  misconstruction.  Besides,  in  nearly  every  case  the  booklets 
had  separated  at  the  bulb.  Supposing  the  articulation  to  be  a  mis- 
take, these  fragile  appendages  would  hardly  break  invariably  at  that 
point  where  they  are  stoutest  and  strongest  Yet  in  all  specimens 
that  I  have  seen — and  I  have  seen  many — such  is  the  rule.  At  the 
time  the  plates  for  Dr.  Duncan's  paper  were  drawn  I  had  been  inti* 
mately  acquainted  with  corals,  examining  them  day  by  day  for  a 
space  of  six  years,  and  the  conviction  is  strong  upon  me  that  I  must 
have  possessed  sufficient  discrimination  to  distinguish  between  a 
fracture  and  an  articulation.  That  a  Zoophyte  has  no  right  to  this 
articulation  is  a  point  about  which  I  know  nothing.  Like  other 
creatures,  it  is  possible  they  may  occasionally  exhibit  eccentricities. 

G.  R  Dk  Wildk. 

ON   HETEROPHYLLIA   MIRABILIS,   DUNCAN. 

1  have,  at  the  request  of  my  friend  Mr.  Henry  Woodward, 
very  carefully  examined,  under  the  microscope,  several  specimens 
of  this  curious  coral  (described  by  Dr.  Duncan  in  the  Philosophical 
Transactions  for  1867)  forwarded  to  Mr.  Woodward  by  Mr.  John 
Young,  XJnder-Keeper  of  the  Hunterian  Museum,  Glasgow. 

Not  having  seen  the  specimens  figured  by  Mr.  De  Wilde  in  Dr. 
Duncan's  plate,  I  cannot  venture  on  any  positive  assertion  as  to 
whether  or  not  those  particular  specimens  have  been  rendered  with 
that  artist's  customary  accuracy ; — but  I  have  no  hesitation  in  stating 
that  it  is  easy  to  select  specimens  from  those  sent  by  Mr.  Young, 
which  present  rows  of  tubercles,  the  exact  counterpart  of  those 
figured  by  Mr.  De  Wilde. 

On  the  other  hand,  however,  there  are  amongst  Mr.  Young's 
specimens,  some  which  present  characters  differing  greatly  from 
those  figured  in  Dr.  Duncan's  plate,  and  in  which  the  booklets  are 
broken  off  at  various  distances  from  the  costaa — in  some  cases  even 
close  up  to  the  body  of  the  coral,  leaving  a  concave  cicatrix  instead 
of  a  tubercle.  ..^^ 
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The  condition  of  these  oonld  be  best  explained  by  an  illiistraikm 
which,  if  desired,  I  shall  be  happy  to  draw. — ^Edward  Fixlddig. 

London,  22fuf  OetobeTf  1868. 

Note. — We  feel  sure  that  Dr.  Duncan  will  be  glad  to  hare  attention  eaUed  to  III 
interesting  paper  on  HeUmphyllia^  and  also  to  hare  the  testimony  of  so  able  an  aitiit 
as  Mr.  Fielding  to  the  acooraey  of  Mr.  De  Wilde*a  delineatioiia.  ^  We  are  qote 
certain  that  he  will  himself  be  only  too  happy  to  re-examine  a  point  i^n  wmek, 
possibly,  something  more  may  be  determined. 

Mr.  Younff,  in  ms  paper  (Gbol.  Mao.,  October,  1868,  p.  4^1),  aaya,  if  m  eoftl  bid 
spines  articmated  at  their  bases,  upon  rounded  tubercles^  such  a  ■tmetoze  would  bi 
quite  an  anomaly  in  a  zoophyte. 

We  must  beg  Mr.  Toung  not  to  reject  a  discoTery  became  it  is  anomalous.  Fal«»- 
floic  life-structures  present  many  strange  features.  Whether  we  aooept  or  njeet  flit 
doctrines  of  eyolution  and  descent  with  modification,  we  cannot  rail  to  obsent 
many  forms  which  present  what  Prof.  Owen  has  aptly  termed  *'  a  more  geneialised 
type  of  structure,'*  than  representatiyes  of  the  class  now  existing .^ 

In  illustration  of  this  we  would  refer  to  an  admirable  paper  which  Rppeared  is  thil 
Maoazins  in  1866,  Vol.  III.,  p.  366,  On  ZoatUharia  JSuyota,  by  I>r.  lindsfcrtB 
fwith  a  Plate).  The  author  shows  that  this  remarkable  group  of  corala  (before  i^ 
lerred  in  part  to  Corals,  and  in  part  to  Brachiopoda)  were  all  fumishea  with  fa 
operculum  or  yalye !  Surely  this  is  a  still  more  wonderM  and  anomalous  stmctoic 
in  a  cond,  than  the  lateral  spines  on  HeUrophyllia  mirabilis. 

Nor  should  it  be  assumed  that  an  appearance  like  tkat  of  a  baU-and-flo^et  Jcoi 
meeuorUy  impliu  moyement ;  for  we  haye  among  the  Eehinodtrmata  (both,  fool  lad 
recent)  immoyeable  and  moyeable  spines,  the  former  of  which,  when  remoyed,  leave  la 
appearance  similar  to  that  of  the  latter.  Such  structures — ^like  rudimentary  appen- 
dages— seem  rather  to  indicate  what  l^e  earlier  state  of  the  creature  may  haye  Men, 
tiian  what  it  now  is. 

Among  the  Cnutacea^  spines  exist,  which,  like  the  immoyeable  spines  of  some  Echi- 
noderms,  present  an  articular  surface,  not  a  fracture,  when  they  are  remoyed  {e.p.  the 

Seines  on  the  rostrum  of  Palanum  and  on  the  margin  of  the  thorax  of  XuNwtof).— 
DiT.  Geol.  Mao. 

SYNCHRONOUS  AGE  OF  THE  GRAYS  AND  ERITH  BRICKEARTH8. 

Sir, — In  reference  to  the  Brick-earth  of  Erith  and  Crayford,  which, 
in  my  paper  on  the  Post-glacial  structure  of  the  South-east  of  Eng- 
land, published  in  the  23rd  volume  of  the  Journal  of  the  Greologi<»l 
Society,  I  regarded  as  being  distinct  from  that  at  Grays,  and  of  an 
age  anterior  to  the  main  sheet  of  the  Thames  gravel,  I  shall  feel 
obliged  if  I  may  be  permitted,  through  your  pages,  to  state  that  I 
have  since  satisfied  myself  that  this  was  an  error ;  and  that,  similarly 
to  the  Brick -earths  of  Grays  and  of  the  Lea  valley,  it  belongs  to  the 
lower  or  fluviatile  terrace  of  the  Thames  gravel  formation  (x  5'  of 
my  papers). 

I  have  seen  no  reason  to  qualify  any  of  the  other  opinions  expressed 
by  me  in  reference  to  the  beds  of  the  Thames,  East  Essex,  and  Can- 
terbury heights  gravel  series. 

Searles  V.  Wood,  Junr. 

Brentwood,  October  10,  1868. 

[1  We  strongly  recommend  the  perusal  of  Professor  Haxley*s  Lecture  **  On  the  Antmala  which 
are  intermediate  between  Birds  and  Reptiles"  as  bearing  on  this  sabjeot.  See  GaoL.  Mx: 
August,  1868,  p.  357.— Edit.  Oxol.  Mao.] 
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DI8C0VEET  OF  BOS  FRIMIGBNIU8  IN  THE  LOWER  BOULDER- 
CLAY  OF  SCOTLAND. 

Snt, — Mr.  Robert  Oraig's  letter  in  the  last  number  of  the  MAOAznni 
does  not  require  an  elaborate  reply.  Mr.  Craig  seems  to  think  that 
tlie  Lower  Boulder-clay  of  Scotland  is  always  '<  a  tough  dark  blue 
clay ; "  and  as  the  deposit  overlying  the  stratified  matenals,  in  which 
the  skull  of  the  great  ox  was  found,  is  "  mixed  with  sand  and  graTel 
and  altogether  freer"  than  the  underlying  Till,  it  cannot,  according 
to  him,  be  true  Boulder-clay.  Mr.  Craig  will  be  surprised  when  he 
learns  that  true  Boulder-clay  does  not  always  maintain  the  character 
of  a  "  dark  blue,"  or  even  of  a  "  tough"  clay, — that,  on  the  contrary, 
it  not  un&equently  becomes  loose  and  earthy, — that  just  such  a  de- 
posit, as  that  which  he  imagines  I  have  made  a  mistake  about,  may 
be  seen  in  hundreds  of  sections  throughout  the  country,  sometimes 
overlying,  sometimes  overlain  by,  and  in  other  places  graduating  into 
stiffer  T2i  than  itself.  And  he  will  no  doubt  be  gratified  to  hear 
that  the  same  Boulder-clay  (sometimes  ''tough"  and  sometimes 
''free")  often  shows  interstratified  masses  of  clay,  sand,  and  gravel, 
similar  in  all  respects  to  those  which  have  yielded  the  remains  of  the 
great  ox. 

Mr.  Bobert  Craig  remarks  that  both  in  my  sketch-section  and  in 
the  letterpress  description  I  have  overlooked  "the  fact  that  the 
Lower  Boulder-clay  rises  up  through  this  stratified  bed  (t.e.  the 
deposit  from  which  the  fossil  remains  were  obtained),  throwing  it 
out  altogether  for  more  than  one  hundred  yards  in  the  section." 
Now  if  Mr.  Craig  will  again  refer  to  the  section  I  gave  he  will 
observe  that  I  have  shown  (Fig.  1)  the  J5o«-beds  thinning  out  to 
south-west,  and  the  underlying  and  overlying  Till  coming  together. 
If  I  had  been  describing  in  minute  detail  the  geology  of  the  district, 
I  might  have  transcribed  from  my  note-book  flie  whole  of  the  section 
exposed ;  but  for  the  purpose  I  had  in  hand  that  would  have  been  a 
work  of  supererogation.  It  was  only  necessary  to  point  out  that  the 
strata  of  clay,  sand,  and  gravel,  in  which  the  fossil  lay  embedded, 
were  actually  enclosed  in  what  I  believe  to  be  deposits  of  Lower 
Boulder-clay  age.  The  former,  after  disappearing  for  a  short  dis- 
tance, again  come  on  underneath  the  TiU ;  or,  as  I  stated  in  m j 
communication,  "the  Till  further  up  the  valley  towards  Shillford 
continues  to  exhibit  intercalated  beds  of  clay,  sand,  and  gravel." 
Again,  Mr.  Craig  misunderstands  me  when  he  says  that  I  consider 
the  overlying  and  underlying  deposits  as  identically  the  same.  I 
merely  remarked  that  "I  noticed  no  tnaten'oi  difference''  between  them, 
— nothing  that  could  lead  me  to  believe  theyh  ad  different  origins. 

I  have  said  this  much  because  I  am  unwilling  that  any  doubt 
should  rest  upon  the  matter.  The  section  is  gradually  being  obli- 
terated. The  last  time  I  saw  it,  it  was  decidedly  in  a  "  bad  way ;" 
and  when  the  Railway  works  are  completed  the  resting-place  of  the 
great  ox  will  be  as  difficult  to  find  as  that  of  the  Prophet  Knowing 
that  such  must  be  its  fate  I  made  a  very  careful  examination,  and 
from  time  to  time  revisited  the  spot  to  watch  the  progress  of  the 
cutting,  but  never  saw  anything  to  tbiow  doubV.  on  ^^  ^ol:^0^2MMs^'^^ 
£r8t  arrived  at. 


536  Disccvery  of  a  nearly-entire  Difnorpkodcn, 

Sinoe  my  first  visit  to  the  section,  my  colleague,  Mr.  CroD,  has 
examined  tlie  deposits,  and  agrees  with  me  in  assigning  them  to  the 
Lower  Boulder-day.  And  I  learn  through  him,  that  Mr.  Bennie, 
of  the  Glasgow  Geologioal  Society  (than  whom  no  one  is  bete 
acquainted  with  the  superficial  deposits  of  the  neighbourhood  of 
Glasgow),  had  seen  the  section  before  the  appearance  of  my  shoxt 
"note"  in  the  Magazine,  and  had  come  to  the  same  conclusion  aa  I 
did ;  nor,  on  a  second  visit,  has  he  seen  any  reason  to  change 
opinion.  Jas.  Gkikii. 

LovDouN  Hill  Imf,  Dawsl,  Eilkabnocx,  \2ih  Oetobtr^  1868. 


THB  PLEISTOCENB  FRESHWATER  I>EP08IT  AT  HACKNEY  D0VX8. 

SiE, — Having  had  my  attention  directed  to  a  letter  by  Mr.  G.  J. 
Smith  in  your  last  number,  which  imputes  inaccuracy  to  Mr.  A.  Tylor 
and  something  worse  to  Mr.  Skertchly,  I  think  it  my  duty  to  explain 
the  matter. 

The  locality  was  pointed  out  and  some  shells  were  given  to  me  by 

Mr.  Skertchly.     Those  shells  I  took  to  Mr.  Smith,  an  old  friend  <^ 

mine,  and  we  appointed  a  time  and  went  together  to  visit  the  spot 

This  was  his  first  visit  to  the  place ;  aflerwarda  he  made  other  visits 

in  company  with  Mr.  Baily.     Mr.  Smith  is  right  when  he  says  he 

does  not  know  Mr.  Skertchly,  but  I  have  no  doubt  he  can  make  a 

pretty  shrewd  guess  as  to  who  he  is ;  for,  if  his  memory  has  not 

failed  him,  he  must  know  that  I  informed  him  from  what  source  1 

obtained  them.  Alfred  Gbugeox. 

D ALSTON,  October  I6th^  1868. 

3^iscEx*XiJL3srEO"crs. 

Important  Discovery  of  Eemains  op  Dimorphodon  macbontx 
IN  THE  Lower  Lias  of  Lyme  Keois,  Dorsetshire. — In  the  month 
of  March  last  a  remarkable  Fossil  was  forwarded  by  Henry  Marder, 
Esq.,  M.R.C.S.,  to  the  authorities  of  the  British  Museum.  It  con- 
sists of  the  entire  caudal  series  of  vertebrsB  of  a  Pterosaurian  having 
a  close  resemblance  to  the  tail  of  a  Bhamphorliynchxia  from  the 
Lithographic  stone  of  Solenhofen.  The  entire  series  of  vertebraB, 
which  are  long  and  slender,  is  20^  inches.  In  August  last  the  Earl 
of  Enniskillen  reported  to  Mr.  Waterhouse  (the  Keeper  of  the  Greo- 
logical  Department)  that  he  had  seen,  at  Mr.  James  W.  Marder's,  at 
Lyme  Regis,  a  very  perfect  specimen  of  Pterodactyle.  This  beauti- 
ful foBsU  (which  proved  to  be  an  almost  entire  example  of  Dimor- 
phodon  macrowyx)  has  now  been  secured  for  the  British  Museum,  and 
Professor  Owen,  the  Superintendent  of  the  Natural  History  Depart- 
ments, is  engaged  in  its  description.  The  point  of  greatest  interest 
in  this  new  fossil,  is  the  evidence  it  furnishes  that  the  caudal  series, 
above  noticed,  really  belonged  to  the  Dimorphodon,  a  portion  of  a 
taU  having  the  same  slender,  elongated,  hour-glass-shaped  centra  to 
the  vertebrce,  and  embedded  in  similar  ossified  fibres,  having  been 
found  associated  with  this  remarkably  perfect  skeleton  of  jDimor- 
phodon,  ProfesBOT  Owen"  a  -^v^x  -wvSl  Aq^^  \s:^^^  I'^x^wcd  to  with 
Treat  interest. 
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I. — Sc4EK  OwsMMT^mjss  OS  THK  SnTTv^sKD  Ixuckxxl  FiriWTT  \^r 


ALI/>W  me  to  make  a  few  r^miurks  on  tlio  two  ittlwiwtumC 
papeis  ocntained  in  tout  la»t  nun\U>r«^^iio  bv  M«  P^ 
lamuT.  OD  tlie  Sopp36ed  InteiTud  FluiditT  of  the  Eiixth^  the  other  by 
Mr.  Sbaler.  on  the  Formation  of  Moontiin  Ohain;s^  I  wi$h«  iu  the 
first  place,  to  protest  against  the  assumption  cvmtaiiHHl  in  the  fir«l 
paper  «pp.  o*!*'  and  509)  that  the  internal  duidiiy  of  tlie  );:U^W  ia 
"  generally  accepted  by  geologists,'*  on  the  evidoiKV  of  itj^  hi^  in» 
temal  temperature.  No  donbt  the  ai^mients  employinl  iu  that  j^j^er 
go  to  shew  that,  whether  fluid  or  rigid  within,  the  pnvesssiv^u  and 
nutation  of  its  axis  would  remain  equally  unaflfvvteii  Si>  tar.  there* 
fore,  the  well-known  astronomical  ar^imont  of  Mr.  Hopkins  and 
Sir  W.  Thomson,  as  to  its  entire  or  nearly  entire  sv^lidity.  must  Ih> 
considered  to  be  invalidated.  But  as  Mi.  Shaler  justly  n^umrks  iu 
the  second  paper,  p.  512,  "the  pro^•ed  inorejxse  of  tomjH^nUim^  fhmi 
the  surflEU^  towards  the  centre,  and  the  extn^me  olevation  of  he^t 
which  must  exist  at  considerable  depths  ^as  shewn  iu  yoUmuuo  and 
other  igneous  phenomena)  caimot  be  reganled  as  ovideni>o  \>t  ginieral 
fluidity,  imtil  it  has  been  shown  that  the  internal  pn'ssuro  has  not  a 
greater  influence  in  preventing  liquefaction  than  internal  hoat  iu  i>ro« 
ducing  that  condition." 

Theorizing  on  the  probable  conditions  of  the  solidifloatioti  of  the 
earth,  on  the  supposition  of  its  having  cooled  fn>in  an  originally 
gaseous  or  fluid  state,  Mr.  Shaler  follows  and  suNtuiuM  tho  viow 
suggested  by  Mr.  Hopkins  (very  properly  reforriHl  to  in  a  noto\ 
namely,  that  the  process  probably  began  at  tho  oontns  but  tluit  nn  it 
advanced  towards  the  surtaco  thoro  must  have  Iwon  a  time  whon  tho 
remaining  liquid  matter,  being  of  inconsiderahlo  thi(5knoHM,  ilio  sur- 
face also  would  begin  to  solidify  by  radiation  of  its  hoat  int4>  N]moo, 
from  which  time  the  further  solidification  of  tho  interior  would  pro- 
ceed in  two  directions,  outward  from  tho  oontml  nu(;l(^uM,  and  inwanl 
from  the  outer  crust.  Ultimately  tho  whole  might  bo  outirnl  v  solidi- 
fied, or  some  portions  of  liquid  matter  might  remain  in  a  thin  InjU, 
or  rather  in  pockets  or  vesicles,  here  and  there,  at  varyin\^>  bwi  %\x\k 
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moderate,  distances  from  tlie  outer  surface.     All  this  I  have  myidf 
urged  at  length  on  the  consideration  of  geologists  (see  pp.  26^275 
of  my  work  on  Yolcanos,  Longman,  1862),  adding  that,  in  my  opinini, 
the  existence  of  such  vesicles,  side  hy  side,  or  even  one  abore  the  ote, 
— sometimes  solidified  by  increase  of  pressure, Hien  again,  perhaps,  liqiD* 
fied  by  its  diminution,  or  increments  of  caloric  reaching  them  latenlly  or 
from  beneath  by  conduction,  will  account  for,  and,  indeed,  is  prored 
by,  the  phenomena  of  volcanos,  earthquakes  and  superficial  elevafiou 
and  depressions.     I  do  not,  however,  intrude  on  your  pages  for  tk 
purpose  of  claiming  the  origination  of  these  views,  so  much  as  to  oiD 
the  attention  of  your  readers  to  the  particular  point  on  which  the 
whole  theory  hinges,  namely  the  enormous  pressure  to  which  every 
portion  of  the  heated  interior  of  the  globe  must  be  subjected ;  and 
this  not  merely  from  the  weight,  or  contraction  on  cooling,  of  iB 
outer  belt,  but  also  from  the  vast  internal  tension  of  its  every  pait 
caused  by  its  tendency  to  expansion  through  intense  heat,  and  this 
whetlier  in  a  solid,  ^uid,  or  gaseous  state.     More   particularly  miist 
'  such  tension  be  intensified  if,  as  there  is  every  reason  to  believe,  the 
subterranean  matter  is  permeated  with  water,  perhaps  occasionally 
solidified  by    pressure,  although  at  the  highest   conceivable  tem- 
perature. 

This  consideration  seems  to  have  been  entirely  overlooked  by 
those  who  have  supposed  the  earth's  interior  to  be  necessarily  fluid, 
because  at  a  temperature  exceeding  that  which  would  reduce  to  fluid 
fusion  in  open  air  all  the  materials  of  its  outer  cnist.  Let  this  tre- 
mendous pressure  he  locally  relaxed  by  the  fissuring  and  elevation 
of  the  resisting  crust,  as  has  evidently  happened  along  the  lines  of 
mountain  chains,  and  portions  of  the  solid  mass  below  must  imme- 
diately pass  into  the  fluid  state — giving  rise  to  the  igneous  intrusive 
rocks  so  generally  found  within  and  beneath  them,  '*  and  the  water 
contained  in  them,  assuming  as  it  ascends  a  gaseous  state,  will,  imder 
favounible  circumstances  of  facility  of  exit,  cause  that  ebullition  of 
lava  in  which  a  volcanic  eruption  essentially  consists." 

This  last  passtige  I  extract  from  another  paper  in  your  last  number 
by  Mr.  Fisher  (p.  493),  who  speaks  of  his  view  as  for  the  first  time 
proposed,  and  docs  not  seem  to  be  aware  that  this  precise  theory  of 
the  nature  of  Volcanic  and  Plutonic  action  is  not  only  fully  developed 
in  the  last  edition  of  my  work  on  Volcanos,  but  is  to  be  equally  found 
in  that  which  bears  the  date  of  1826. 

In  pp.  277  and  287  of  the  second  edition  I  have  shewn  how  the 
expansion  of  subterranean  matter  must  occasion  prolonged  fissures 
through  the  overlying  rocks,  by  which  the  intumescent  matter  will 
often  find  a  vent,  sometimes  tlunsting  up  the  rocks  on  either  side  in 
dislocated  or  crumpled  masses,  owing  to  ihe  squeeze  or  jam  oc- 
casioned by  lateral  or  rather  diagonal  pressure ;  sometimes,  where 
the  heated  matter  has  risen  sufficiently  to  communicate  with  the 
open  air,  ejecting  it  in  floods  of  lava  and  explosions  of  steam.  Hence 
the  general  parallelism  and  occasional  coincidence  of  linear  Vol- 
canos and  of  mountainous  elevations ;  the  intervening  flatter  areas 
between  these  eru]^\ive  xo^n^^b^  \xiA^x^\si%  ^  \3q&  «axne  time  either  a 
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more  gradual  elevation  like  a  cree/p,  or,  more  frequently  perhaps, 
slow  subsidence.  The  cause  of  these  local  changes  being  the  trans- 
mission of  heat  by  conduction  from  one  part  to  another, — "  the  ten- 
dency of  heat  to  seek  an  equilibrium  being  as  much  a  law  of  nature 
as  of  water  to  seek  a  level "  (p.  267,  Volcanos)  ;  and  the  disturbance 
of  its  equilibrium  arising  not  merely  from  the  outward  radiation  of 
heat  into  space  from  the  earth's  surface,  but  also  probably  (as  sug- 
gested by  me  in  1825,^  and  subsequently  by  Mr.  Babbage  *)  from  the 
pressure  and  accumulation  of  vast  thicknesses  of  nonconducting  de- 
posits in  the  depths  of  seas  and  oceans. 

I  am  gratified  to  find  that  these  views  as  to  the  nature  and  modut 
operandi  of  the  subterranean  agents  of  change  in  the  earth's  orust, 
■which  I  published  more  than  forty  years  back,  are  now  becoming 
recognized  as  true  by  many — perhaps  the  majority  of  geologists — 
more  especially  as  respects  the  large  part  played  in  these  movements 
by  the  water  contained  in  the  interior  heated  matter  which  eventually 
on  its  superficial  cooling  forms  the  substance  of  all  hypogene  rooks. 
For  entertaining  this  view,  I  was  at  that  early  period  subjected  to 
much  ridicule,  and  my  arguments  generally  disregarded.  There  re- 
main, I  think,  but  two  other  portions  of  the  theory  advanced  by  me, 
at  the  early  period  I  have  mentioned  above,  of  considerable  importance, 
to  which  the  assent  of  geologists  has  not  as  yet  been  given,  namely,  the 
suggestions — 1st.  That  when  the  heated  and  liquefied  mineral  matter 
has  forced  its  way  upwards  through  some  fissure  into  open  air,  it  has 
rarely  been  in  a  state  of  true  fusion,  but  generally  semi-crystalline ; 
and  that  it  has  cooled  and  hardened  outvrardly  on  exposure,  not  so 
much  as  melted  metal  cools  and  hardens,  but  rather  by  the  rapid 
escape,  through  pores  or  in  ascending  bubbles,  of  its  interstitial  water, 
flashing  into  steam  as  the  internal  pressure  diminished  (p.  115, 
Volcanos).  2nd.  That  the  internal  differential  movements  of  the 
subterranean  mineral  matter,  while  under  enormous  irregular  pres- 
sures, and  changing  at  times  from  a  solid  to  a  fluid  state,  and  pro- 
bably back  again  to  crystalline  solidity,  through  every  intervening 
phase  of  viscosity,  must  of  necessity  have  frequently  arranged  and 
re-arranged  the  component  crystalline  or  semi-crystalline  minerals — 
sometimes  in  irregular  oomposition  like  that  of  granite,  diorite  or 
trachyte — sometimes  in  laminar  or  schistose  bands  like  gneiss,  mica- 
schist,  and  other  metamorphic  crystallines.'  I  hope  the  time  is  not 
distant  when  these  opinions  likewise  will  obtain  the  assent  of 
geologists. 

Faiblaw^,  Cobham, 
November  15,  1868. 

>  Volcanos,  ed.  1825,  p.  30,  and  ed.  1862,  p.  271. 

'  Geol.  Proceed,  vol.  h.  p  72. 

s  See  p.  283-290,  above  cited  vol.,  and  of  the  Oeologist,  yoL  i.  p.  861. 

[See  also  Letter  by  Mr.  J.  Clifton  Ward,  on  the  "  Internal  Fluidity  of  the  Earth," 
p.  581  of  thia  present  number. — Edit.] 
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XL — On  the  Cubvatubk  of  thb  Tuskb  nr  ths  Maxmoth, 

ElMPEAS   PEIMlQEHIUa    (BLUMKirBACH).^ 

By  Hbxbt  Woodvaxd,  F.G.8^  FXS^  Ab^  of  the  British  HwRim. 

[PLATES  XXII.  AND  XXni.] 

THE  object  of  thiB  paper  is  to  call  attention  to  the  magnifioent 
head  of  the  Mammoth,  disoovered  by  Antonio  Brady,  Esq. 
F.G.S.,  of  Maryland  Point,  Stratford,  Essex,  in  a  brick-pit  at  Ilfoid, 
in  1864,  and  now  placed  in  the  G^logical  Department  of  the  British 
Museum.' 

This  remarkable  fossil  still  remains  quite  unique,  no  other  skoll 
having  ever  been  exhumed  in  anything  like  a  peiiect  state,  owing  t) 
the  very  friable  and  perishable  condition  in  which  the  bones  are 
found  in  most  of  our  river- valley  deposits. 

But  the  immense  number  of  molars  met  with,  and  also  of  more  or 
less  entire  tusks,  attest  their  former  numerical  abundance. 

Mr.  Antonio  Brady  has  lately  obtained  four  almost  entire  tusks  of 
the  Mammoth,  from  the  same  pit  which  yielded  the  head,  and  he  has, 
in  his  collection,  tusks  and  molar  teeth  of  elephants  of  all  ages,  from 
the  milk-molars  of  the  calf,  a  year  old,  to  the  remains  of  such 
veterans  as  that  figured  in  our  plate. 

All  the  larger  of  Mr.  Brady's  tusks,  also  those  from  the  Bev.  J. 
Layton*8  collection,  dredged  off  Hasboro*,  on  the  Norfolk  coast  and 
the  very  perfect  tusk  found  in  a  gravel-pit  south  of  Spalding,  Lin- 
colnshire, agree  exactly  in  their  general  curvature,  as  do  also  the 
specimens  in  the  British  Museum  from  Escholtz  Bay  and  Siberia, 
and  these  likewise  correspond  with  the  tusks  of  the  Ilford  cranium, 
the  left  tusk  of  which  still  remains  in  the  alveolus. 

The  drawing  of  Adams's  Mammoth,  found  in  Siberia  in  1799,' 
well  known  from  Mr.  Waterhouse  Hawkins's  clever  diagram,  has 
the  extremities  of  its  tusks  curved  in  a  competely  reverse  direction 
to  that  of  our  British  example. 

Dr.  Tilesius  observes  {op,  dt}),  "The  Mammoth  is  distinguished 
from  the  African  and  Indian  Elephants,  by  the  teeth,  and  by  the 
size  of  the  tusks,  which  are  from  ten  to  fifteen  feet  long,  much 
curved,  and  have  a  spiral  turn  outwards.  The  alveoli  of  the  tusks 
are  also  larger,  and  are  produced  further." 

In  Bejikcndorf 's  graphic  narrative  of  the  finding  of  an  entire 
Mammoth,  in  a  half-frozen  condition,  in  the  river  Indigirka.  in 
1846  (noticed  by  Mr.  W.  Boyd  Dawkins  in  a  paper  **  On  the  Range 

^  The  substance  of  this  paper  was  read  before  the  International  Congress  of  Pre- 
historic  Archipology  (Thira  Session),  Norwich,  August  26,  1868. 

«  A  brief  account  of  this  specimen  appeared  in  VoL  I.  of  the  Geological  Maga- 
zine, 1864,  p.  241,  accompanuKl  by  a  wood-engraving,  representing  a  side-view  of  the 
skull,  with  its  one  attached  tusk.  The  specimen  was  not,  at  that  time,  set  up  in  the 
gallery,  so  that  the  artist  was  unable  to  obtain  a  favourable  view  of  its  peculiar 
features. 

•  Figured  in  the  Memoirs  of  the  Imperial  Academy  of  Sciences  of  St,  Petersburg, 
Tol.  v.,  and  in  the  abridged  ¥>ii^\v&\i  tnco&latioa  of  Dr.  Tilesios's  paper,  printed  u 
London,  in  1819  ^^eci^tnfiV«Odl£^'Giax^. 
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of  the  Mammoth,"  published  in  the  Popular  Science  Review,  vol. 
vii.,  July,  1868)  it  is  stated  that  ''the  tusks  were  eight  feet  in  length, 
thick,  and  curving  ontwards  at  their  ends." 

This,  then,  was  evidently  (like  our  Bford  Mammoth)  an  adult  and, 
probably,  an  aged  beast. 

It  is  greatly  to  be  regretted  that  Benkendorf  had  no  draughtsman 
with  him,  as  the  loss  of  the  animal  (through  the  giving  way  of  the 
river*s-bank)  deprives  science  of  one  of  the  grandest  relics  of  a 
former  world  ever  met  with. 

With  regard  to  Adams's  Mammoth  (preserved  in  the  St.  Petersburg 
Museum)  most  of  the  readers  of  this  Journal  will  be  £uniliar  with 
its  history. 

It  was  discovered  in  the  summer  of  1799,  half-buried  in  frozen 
soil  and  ice,  by  a  Tungusian  chief,  engaged  in  seeking  for  '  Mam- 
moth-horns '  along  the  shores  of  the  peninsula  of  Tamut,  at  the 
mouth  of  the  river  Lena,  in  Siberia. 

After  overcoming  his  first  fears  that  the  beast  was  an  evil  omen 
(which  brought  on  a  serious  illness),  his  desire  for  gain,  says 
Adams,  caused  him  to  set  a  watch  on  the  beast  until  1804,  when,  it 
being  then  entirely  freed  from  the  ice,  he  cut  o£f  its  horns  and  ex- 
changed them  with  a  merchant  for  goods  of  the  value  of  60  roubles 
(=£7  18«.  4d.),  the  reward  of  five  years  waiting  and  watching! 

Adams  having  heard  of  it,  in  1806,  in  his  travels,  determined,  if 
practicable,  to  obtain  it.  With  infinite  pains  and  industry  he  traced 
out  the  spot  where  the  Mammoth  lay,  and  gathered  together  all  that 
remained  of  his  prize.  For,  after  its  *  horns'  had  been  annexed  by 
the  chief,  it  became  common  property;  and  first  the  Jakutski  of 
the  neighbourhood,  with  their  dogs,  assembled  and  feasted  on  its 
flesh,  and  then  the  white  bears,  wolves,  wolverines,  and  foxes  polished 
off  the  remainder  and  picked  the  bones,  which,  however,  remained 
almost  entire,  being  held  together  by  their  cartilages  and  sinews. 
These  he  carefully  packed  up  and  forwarded  to  St.  Petersburg,  a 
distance  of  11,000  wersts  (7,330  miles). 

He  adds :  "  When  I  arrived  at  Jakutsk,  I  had  the  good  fortune 
to  re-purchase  the  tusks."  But  there  is  reason  to  doubt  whether 
Adams  really  did  get  the  right  tusks  after  alL 

Professor  Maskelyne,  who  examined  the  specimen  very  carefully 
when  in  St.  Petersburg  in  1865,  considers  that  they  do  not  belong 
to  the  skidl,  and  that  there  is  a  disparity  between  the  portion  within 
the  alveolus  and  the  rest  of  the  tusk. 

There  is  a  statement  made  by  Mr.  Boyd  Dawkins  in  the  paper 
already  referred  to  in  the  "  Popular  Science  Eeview,"  which  I  beg 
here  to  be  allowed  to  correct. 

After  describing  (at  p.  277)  the  character  of  the  Hford  deposit, 
and  especially  the  layer  containing  the  bones  of  Mammalia  "  full  of 
the  shells  of  Corhi<Mla  {Cyrena)  fluminalis  with  the  valves  united, 
and  of  the  common  River-mussel  (Anodon)^  and  the  land  Helix 
nemoralis  " — he  proceeds  to  say :  "  On  a  continuation  of  the  Baxs^<(ik 
platform,  now  cut  away,  the  skull  of  the  ^oimsicAi^i  ^«a  ^^mck^««^ 
in  1864  perfect  with  the  exceptioix  of  t1aa  toskE^  ^\Stf2ti\i3^\3^^'^ 
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broken  away  wiih  their  incisive  alveolL  That  on  the  ri^t  side  liy 
20  foet  away  from  the  skull,  while  that  on  the  left  has  not  yet  been 
discovered.  Owing  to  the  surprizing  skill  of  Mr.  Davies,  the  skull 
and  tusk  were  taken  up  and  re-united,  and  now  oonstitute  by  ikr  tiie 
finest  specimen  of  Mammoth  in  the  British  Museum." 

Now,  if  this  were  the  case,  the  specimen  in  the  National  CSoIlection 
would  have  no  higher  claim  than  the  St.  Petersburg  example,  tol» 
cited  as  poHitive  proof  of  the  normal  curvature  of  the  tusks.   But  the 
woodcut  given  in  Vol.  I.  of  this  Magazine  (1864t),  p.  243,  partly 
from  a  rough  drawing  made  by  myself  on  the  8pot>  and  partly  from 
the  specimen  as  it  was  lying  in  the  mason's  i^op  at  the  Muaenm, 
shows  the  alveolus  and  tusk  united.     The  wood-engraver  did  not, 
however,  reverse  it,  hence  it  appears  that  the  right  side  has  the  per- 
fect alveolus  instead  of  the  left,  as  now  correctly  represented  by  Mr. 
Do  Wilde  in  Plate  XXIIL  herewith.      The  rigU-hand  twk  was  the 
one  found  detached,  as  mentioned  by  Mr.  Dawkins.    It  is  placed  be- 
side the  torn  alveolus,  as  l^Ir.  Waterhouse  was  disinclined  to  restore 
it;   the  artist  has,  however,  represented  the  right-side  as  restored 
in  Plate  XXU.     The  left  side  was  that  exposed  in  the  pit  and  wu 
quite  entire,  save  the  zygomatic  arch,  which  was  probably  broken  by 
die  workmen  before  our  arrivaL^ 

In  order  to  remove  the  vast  and  elongated  mass  of  friable  mate- 
rials, it  was  found  absolutely  necessary  to  saw  ofif  the  left  attached 
tusk,  about  6  inches  below  the  alveolus,  but  the  parts  were  agam 
brought  into  normal  contact  in  their  true  position  after  they  had 
l)ecii  placed  in  the  gallery.  Tlie  left  alveolus  was  never  broken, 
and  the  curvatiu-e  of  tlie  socket,  as  well  as  of  the  tusk  itself  is 
therefoix)  genuine  and  natural' 

A  reference  to  Plate  XXII.  will  show  that  there  is  a  natural  bend 
in  the  alveoli,  and  it  would  therefore  be  impossible  to  thrust  a 
left-hand  tusk  into  a  right-hand  socket ;  but  if  the  tusks  were  savn 
off  helow  the  alveolus  then  the  lower  portions  might  bo  ti*ans}X)8ed, 
and  so  placed  as  to  have  an  outward  curving  extremity. 

It  irt  possible  that  Adams  may  have  really  obtained  the  actual 
tusks  belonging  to  the  skeleton  of  the  IMammoth  wliich  bo  founl 
but  not  having  seen  them  when  attached  to  the  animal,  the  tusks 
may  have  been  placed  in  contact  with  the  wrong  sockets. 

We  know  tliat  the  Ilford  specimen  was  that  of  an  aged  individual, 
by  its  having  cut  its  last  pair  of  molars,  and  by  these  ha>'ing  been 
considenibly  worn.  The  St.  Petersburg  specimen  is,  no  doubt,  also 
that  of  an  adult. 

That  the  tusks  in  the  young  MammoUi  were  directed  forwards  and 
outwards,  seems  certain,  but  in  the  adult  they  all  have,  near  their 
pointi?,  an  upward  and  inward  curve. 

Nor  need  we  be  suri)rised  at  this,  for,  as  a  rule,  we  find  that  the 
continued  growth  of  the  tusks  and  the  horns  of  most  aged  animals 
endowed  with  these  weapons  of  offence  and  defence,  is  not  that  best 

t  This  has  since  been  restored  by  modelling  the  rijrht  side  and  then  roviTsiuc  it- 
9  The  curvature  oC  l\ie  li^Yvt  XsmSil  tvsrtcs^TMii  Ndth  the  letl,  showing  that  they  iff 
from  the  right  and  left  eiviiQ  oi  l^e  «axmi  V«^ 
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calculated  to  conduce  to  their  formidable  character,  but  the  reverse. 
The  horns  of  the  goat,  sheep,  and  ox,  the  incisive  teeth  in  rodents, 
the  tusks  of  the  wild  boar,  &c,  may  be  cited  as  examples  in  which 
the  continued  growth  of  these  structures  is  often  deleterious  to  the 
animal. 

What  I  am  most  desirous  to  point  out  is,  that  in  all  the  Siberian 
remains  of  the  Mammoth  I  have  seen,  and  in  the  figures  given  in 
"  Cuvier*s  Ossemens  Fossiles"  (4th  Edition,  Plate  15),  there  is  a  con- 
stant uniformity  and  agreement  as  to  the  curvature  of  the  alveoli, 
-with  our  Ilford  specimen. 

If  we  compare  the  skull  of  the  mammoth  with  that  of  the  recent 
Indian  elephant,  we  find  the  alveoli  in  the  former  (Plate  XXII.,  Fig. 
1)  diverge  near  the  nasal  aperture  (leaving  a  deep  and  somewhat 
elliptical  cavity,  broadest  near  its  upper  portion,  between  them)  ; 
iNrhilst  they  converge  as  they  extend  forward,  until,  in  fact,  they 
commence  as  separate  and  distinct  prolongations  of  the  incisive 
alveoli,  when  they  again  diverge  to  admit  of  the  passage  of  the 
trunk ;  in  the  latter  the  alveoli  converge  at  their  upper  part,  and 
steadily  diverge  outwards  to  their  extremities. 

In  Elephas  Ganesa  (probably  one  of  the  largest  of  all  the  fossil 
elephants,  and  certainly  possessing  the  largest  tusks,)  brought  by 
Colonel  Baker  from  the  Siwalik  Hills  in  India,  and  exhibited  next 
to  the  Ilford  specimen  in  the  Museum  Gallery,  the  concavity  be- 
tween the  alveoli  is  broadest  at  the  lower  part  of  the  premaxillary 
bones,  becoming  narrower  upwards  until,  near  the  nasal  orifice,  the 
alveoli  are  in  contact.  See  PI.  XXII.,  Fig.  2,  which  represents  the 
alveolar  portion  of  this  fine  skull. 

In  "  Cuvier's  Ossemens  Fossiles  "  already  referred  to  (PL  15),  two 
figures  are  given  of  two  skulls  from  Siberia ;  one  an  upper  view, 
the  other  an  under,  or  palatal  aspect.  These  have  a  precisely 
similar  curve  to  the  alveoli,  as  depicted  in  Plate  XXII.,  Fig.  1. 

Any  tusk  having  the  alveolar  end  preserved,  can  be  determined 
with  great  certainty  as  to  which  side  of  the  head  it  should  be 
referred,  by  carefully  noticing  its  curvature. 

In  c^ling  attention  to  the  fine  series  of  Elephantine  remains 
chiefiy  from  Britain,  India,  and  Siberia,  preserved  in  the  National 
Museum,  we  cannot  fail  to  recall  the  loss  of  that  great  and  able 
naturalist,  Dr.  Hugh  Falconer,  whose  work  especially  lay  among 
these  fossils,  and  whose  labours  and  those  of  Sir  Proby  T.  Cautley, 
in  the  Siwalik  hills,  have  tended  in  so  great  a  degree  to  enhance  the 
excellence  of  this  portion  of  the  Museum. 

Nor  among  the  names  of  still  active  collectors  of  those  remains 
must  we  forget  to  mention  the  Bev.  John  Gunn,  F.G.S.,  whose 
elephantine  series  from  the  Forest-bed  of  the  Norfolk  Coast  now  en- 
riches the  Norwich  Museum ;  and  Antonio  Brady,  Esq.,  whose  col- 
lection (made  with  unsparing  liberality  to  the  workmen  of  the  Ilford 
pits,  and  with  every  specimen  rendered  both  as  durable  and  as  per- 
fect as  possible  by  the  skill  of  Mr.  W.  Davies)  we  may  hope  some 
day  to  see  adorn  a  public  museum  of  a  more  or  le&&  x^^iot"^  <^sisssE%R^^< 
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in. — On  the  Denudations  of  Norfolk. 
By  the  Rev.  O.  Fisher,  M.A.,  F.G.S. 

A  Paper  prepared  at  the  request  of  the  Local  Committee,  and  read  at  the  Meeting 

of  the  British  Association  at  Norwich,  1868. 

AFTER  referring  to  the  scope  of  the  subject  which  had  been  named  bj  tbe 
Local  Committee,  the  Author  said — I  will  first  ask  3roiir  attention  to  the 
denudations,  by  land  and  sea,  now  taking  place  in  the  county. 

U^n  the  Land  Surface^  a  certain  amount  of  the  finer  material  is  being  earned 
into  the  rivers,  and  by  them  deposited  at  the  heads  of  the  broads,  or,  where  sodi 
do  not  exist,  in  the  sea.  This  aenudation  by  pluvial  action  is  undoubtedly  greats 
where  the  land  is  under  the  plough  than  it  would  be  otherwise. 

Upon  the  Coast^  the  sea  is  reducing  the  solid  surface  to  a  uniform  leveL  Where 
the  land  is  high  it  cuts  away  the  bottoms  of  the  cliffs,  which  then  founder  down, 
and  the  fallen  matter  is  in  its  turn  carried  off.  Where  the  land  is  low,  the  geneial 
contour  of  the  coast  is  being  continued  by  sand  dunes,  or  (as  they  are  locallj 
called)  **  marram  lulls,"  so  mat  where  the  lower  end  of  a  valley  is  submerged,  ts 
behind  Yarmouth,  its  bottom  is  being  raised  seaward,  and  all  reduced  to  a  unifona 
level  and  continuous  coast  line. 

But  when  the  waves  have  played  their  part,  the  action  of  the  sea  is  not  ended. 
As  the  waves  cut  further  and  further  into  the  land,  carrying  ofi^  as  has  been  knom 
to  be  the  case,  from  two  to  twenty  yards  during  a  single  storm,  ^  the  ground  thus 
laid  under  water  becomes  subject  to  the  action  of  the  tides,  and  its  surface  is  cod* 
tinually  removed,  so  as  to  be  kept  on  the  whole  at  a  depth  uniform  for  a  giveo  dis- 
tance from  land.  If  the  waste  of  the  shore  line  is  prevented  by  artifid^  meaos, 
such  as  sea  walls  or  groins,  then  the  sea  is  found  to  deepen  more  rapidly,  and  the 
inclination  of  the  bottom  from  the  shore  to  be  increased.  This  has  notably  been 
the  case  at  Walton-  on-the-Naze,  in  the  neighbouring  county  of  Essex. 

Sand  and  mud  are,  in  the  meanwhile,  carried  by  the  prevailing  winds  and  currents, 
and  arrange  themselves  in  definite  forms,  more  or  less  taking  the  direction  of  the 
contiguous  coast,  and  shifting,  as  the  shore  shifts  its  position  by  the  destructicm  of 
the  cliffs. 

If  this  marine  action  be  considered,  it  does  not  appear  possible  that  it  can  gire 
rise  to  any  very  great  inequalities  of  surface,  but,  on  the  other  hand,  that  it  must 
tend  to  reduce  those  already  existing,  whether  above  or  below  the  waters.  All 
great  inequalities  of  the  sea  bottom  must  either  have  been  caused  by  the  land  having 
become  submerged  more  rapidly  than  the  sea  has  had  time  to  erode  its  coast-line^ 
or  else  by  elevations  and  depressions  taking  place  beneath  the  ocean,  or  in  a  few 
instances  by  powerful  currents  confined  by  local  circumstances  to  a  narrow 
course.*  Nevertheless,  since  the  tides  do,  in  fact,  deepen  the  sea  below  the  level 
to  which  the  waves  act  upon  the  coast,  it  must  follow  that  the  harder  rocks  will  be 
lowered  more  slowly  than  the  softer,  and  shoals  be  formed. 

Now  it  is  to  such  a  denudation  as  I  have  been  describing,  that  we  may  suppose 
the  form  of  surface  of  this  county  to  have  been  due,  at  the  earliest  period  to  which 
I  desire  to  call  your  attention,  namely,  that  preceding  the  deposition  of  the  Crag. 

The  Chalk  in  Norfolk  dips  very  gently  towards  the  east ;  but  the  inclination  is 
somewhat  increased  on  the  western  side  of  the  county  towards  its  outcrop,*  so 
that,  as  seen  in  a  quarry  close  to  the  railway  station  at  Hunstanton,  it  becomes 
very  marked,  and  amounts  to  eight  or  ten  degrees.  This  brings  up  the  Carstone 
(Neocomian)  and  the  softer  clays  beneath.  The  altitude  of  the  Chalk  along  the 
watershed  of  the  county  is  considerable,  but  has  not,  I  believe,  been  exactly 
determined.  "We  may  safely  then  suppose  that  the  sea  bottom  at  the  period  of  ihi 
Crag  consisted  of  a  shoal  bottom  of  Chalk,  nearly  level  on  the  eastern  side  of  oar 
area,  while  the  same  stratum  rose  as  dry  land  to  a  considerable  elevation  towards 
its  central  and  western  portions;  but  there  is  no  distinct  indication  of  the  position 
of  the  ancient  coast  line  of  the  Crag  sea.     It  certainly  extended  further  inland  thin 

'  For  information  on  this  point  se«  Gunn's  Geolo^  of  Norfolk,  in  White's  History  of  the 
Countv. 

•  E.g.  off  the  soul^env  pomt  ot  "^ormi-v. 

'  This  is  a  very  commou  case,  axid  xxsca^'^}  d«Xftxis^«&  ^tickft  T>asL  oil  'asi  waur^xDAsix. 
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Section  at  the  base  of  diff  at  the  fiist  point  west  of  Lower  Sherringham. 

a.  **  Lamiiiated  beds,"  mid,  gravek,  and  days. 

h.  Fem^uioas  graTel  cemented  by  inm  ojdde ;  a  piece  of  deer's  bora  was  foand  in  it.  Pro- 
bably tbe  Elephant  bed.     aft  mn. 

e.  Bhieish  grey  sandy  clay,  micaceous,  and  containing  drifted  lamps  of  the  same.  Probably 
the  Forest  bed.      aft.  6in. 

d.  Ferruginous  pan,  with  huge  flints  and  abundance  of  Cffrima   Islmmlic*,     Probably  Nor- 

wich Crag.     ift.  6in. 

e.  Chalk  rising  aboTe  the  beach,     ift.  6in. 

N.6. — This  is  the  most  complete  secti<m  whidi  I  have  seen,  and  if  the  strata  are  correctly 
dctcnnincd,  it  shows  the  entire  sequence. 

The  appearance  of  the  chalk  at  Bungay,  and  of  the  Upper  Norwich  Crag  at 
Aldeby,  near  Beccles,  would  lead  us  to  place  the  jimction  of  the  two  deposits  some- 
where between  Beccles  and  Bungay,^  and  it  may  be  remarked  that,  on  account  of 
the  low  level  always  occupied  by  the  Crag,  there  is  reason  to  believe  that  when 
we  approach  the  boundary  of  that  formation,  we  are  in  the  neighbourhood  of  its 
veritable  coast  line.  Moreover,  the  abundance  of  the  lx>nes  of  gigantic  probos- 
cidians, found  at  Horstead  and  Norwich  (but  especially  at  the  former  place)  among 
the  flints  which  constitute  the  base  of  the  deposit,  prove  that  at  those  points  the 
land  could  not  have  been  far  distant.  We  have  no  data  at  present,  that  I  am 
aware  of,  for  determining  the  nature  of  the  coast  line  of  the  Crag  sea,  but  it  was 
probably  a  line  of  cliffs  extending  in  a  direction  somewhat  parallel  with  the  present 
eastern  coast  of  Norfolk,  and  about  twenty  miles  westward  of  it. 

In  the  neighbourhood  of  Yarmouth,  however,  a  different  condition  of  things 
must  have  obtained  ;  for  there  the  London  Clay  covers  up  the  Chalk,  ^  and  owing  to 
the  softer  character  of  that  stratum,  it  is  probable  that  the  sea  was  deeper  over  it, 
and  the  Crag  deposit  probably  somewhat  modified  in  its  character. 

Indeed  there  seems  to  have  been  from  early  post-Cretaceous  times  a  depression 
of  erosion  in  the  course  of  the  valley  now  occupied  by  the  Wavcney  and  Little 
Ouse,  which  separates  the  counties  of  Norfolk  and  Suffolk.  In  the  well  section 
at  Diss,  given  by  Mr.  Gunn,*  200  feet  of  superincumbent  strata  were  pierced  before 
the  Chalk  was  reached,  and  then  only  330  feet  of  chalk-with-flints  were  found  re- 
maining ;  whereas  at  Norwich  1050  feet  is  the  thickness  of  that  l>ed.  At  Yar- 
mouth the  Chalk  was  not  passed  through,  so  that  we  learn  nothing  from  the  sink- 
ing there  respecting  an  early  excavation  of  the  Chalk. 

'  See  Trimmer's  Geology  of  Norfolk,  Jour,  of  |R.  Agricultural  Society,  vol.  viL,  p.  449,  note. 
*  Prestwich,  Quart.  Jour.  Geol.  Soc,  vol.  XVI.,  p.  449, 
Geology  of  Norfolk,  p.  7. 
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Immedialcly  upon  the  Chalk  at  Thorpe,  and  more 
where  )lie  Oii;^  rt-ts  ii[H>n  il,  there  hn  a  (hick  bed  of 
nAU.\,  lull  ajici-.ir  to  Ik  ihe  accumulated  result  of  the 
veiiii^  iKMU'L-rn  wveral  successive  layers.  In  a  la.rf 
olnerveil  a  Utnd  of  llint  iii  tilu  in  tlie  Chnik,  croppin 
inteKTal  piTti-in  of  thii  remArkalile  deposit.  It  is  1 
Romvrdus  txint-s  teetli,  and  lu-ks  of  Majlodon  and 
other  mammalia  occur.  1  liclicii'c  Ibey  arc  more  numi 
where.  The  intentices  of  this  tied  ate  filled  with  s 
of  them,  in  llieir  natural  puiitions  with  valves  united, 
eqieciallf  at  I'horpc  >ly  belief  is  thai  the  Chalk  to 
was  removed  by  the  crojion  of  currents,  which  were  i 
the  Hints ;  Init  swecinng  in  anions  their  inteixtice» 
gradually  cnidvil  the  s..fter  Chalk.  Nevenhelcss,  if  tl 
dilTicully  in  acounlinK  for  the  bones  beiuc  buiietl  an 
alternative  tliat  the  (Jhalk  formed  a  land  suriace,  1 
left,  the  Hint-:  l>ein^  aceumiiiulate<l  liy  subaerial  solutior 
ttcater  ditt'tcultivs.  Kiir  It  is  hardly  possible  to  coni 
taken  pliu.t:  (iver  so  wide  an  area,  without  the  formati 
queiit  entire  desiniction  of  the  old  surface;  And  even 
iiilriKluclion  of  the  united  valves  of  moUusks  ihroughou 
less  diDicuUy  than  tliat  of  the  bones  on  Ihc  other  sap) 
suliaerial  cimdition  would  have  been  accompanied  by  pi 
occurof  (hat  |>articular  date.  And  also  Ihe  bones  ong 
of  l)iu  Klmluni,  which  1  believe  is  not  the  case. 

\Vc  have  now  arrived  at  a  pcriuil  in  the  Geoli^ic 
presents  amonj;  many  intricate  problems  one  of  the 
succeMiiim  (iffvents  subsequent  to  the  [leriix!  of  theCra 
this  ijuestion  U  the  |)ositiun  of  the  Cliillesford  clay,  1 
be  excused  if  I  !^ay  a  few  words  u]K>n  tliat  point.  1 1 
on  o|iinii<n  that  the  Chiltcsford  clay  is  older  than  the 

Tiieiit  ob!(erv-alion  led  me  tu  iccani  that  opinion,'  ami 
Icsrrs.  Searles  Wood,  that  the  Nonvich  crap  is  the  lo' 
that  Ihe  shell  bed  at  the  base  of  the  Chille^iford  clay, 
bourne  Church  Walks,  Kaston  Uavent  Cliff,  .Aldeby,  a 


itself  is  very  changeable,  often  passing  suddenly  into  sa 
Uiiuatlf  fine  micaceous  grey  clay.  This  variable  chai 
Kction  ill  a  rickyard  l>elween  Surlingham  Ferry  and  111 
I  aiIo|>l  ihe  view  of  the  Messrs.  Wood  regarding  the  so 
Chillesford  clay  lo  (he  Crag  (whether  red  or  lluviomai 
position  relative  lo  the  P'oreM  bed,  and  the  Glacial  seri 
made  out.     Jlr.  Searles  Wood,  Jan.,  telis  us  shortly, 


1  >..i 
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appended  to  his  father's  paper,  that  the  Forest  bed,  and  gravel  containing 

"-AsvUtile  shells  and  mammalian  remains,  are  probably  the  equivalent  of  the  beds  of 
Us  section  from  d^  to/  Now  the  beds  thus  indicated  include  the  Red  and  Norwich 


equivalent  of  the  above  marine  series. 
Mr.  Gunn,  whose  opinion  on  all  points  connected  with  the  geology  of  the  county 
ii  of  great  weight,  read  a  paper  before  the  Norwich  Geological  Society  in 
November  last,  from  which  it  appears  that  he  considers  the  bed  of  flints  with 
bones  of  mastodon,  lying  upon  the  Chalk,  to  be  alone  worthy  of  the  name  of 
Mammaliferous  Crag,  and  that  he  entirely  dissociates  from  it,  in  respect  of  age,  the 
ilidUy  unds  which  at  Thorpe  and  elsewhere  cover  it.  He  would  intercalate  the 
Forest  bed  in  time  between  this  bed  of  flints  and  the  shelly  white  crag  sand,  and 
cootinne  the  sequence  upwards  with  the  Chillesford  clay,  and  next  the  Laminated 
flnvio-marine  series,  or  3'  of  Sir  Charles  Lyell's  **  Antiquity  of  Man." 

Mr.  Prestwich  during  the  discussion  upon  his  second  paper  on  the  Crag,  read 
at  the  Geological  Society  in  May,  mentioned  that  he  had  found  what  he  con- 
sidered traces  of  the  Forest  bed  in  Eastern  Bavent  Clifl*,  above  the  Chillesford 
day,  and  as  he  thought  indications  of  the  same  sequence  in  the  upper  part  of  the 
diff  at  Walton-on-the-Naze.  Here  then  are  three  distinct  opinions  put  forward 
hw  three  geologists,  more  competent,  perhaps,  than  any  others  on  this  question. 
For  my  own  part  I  lean  to  Mr.  Prestwich's  view,  and  chiefly  for  this  reason. 

Dunng  the  Crag  period  we  have  two  proboscideans  abundant —the  Mastodon 
Afvematsis  and  the  Eltphas  meridionalis.  As  Mr.  Gunn  informs  us,*  the  masto- 
don and  that  species  of  elephant  occur  together  in  both  the  Red  and  Norwich 
Cxigs,  but  in  the  Red  Crag  the  mastodon  is  more  abundant  than  the  elephant^ 
iHiile  in  the  Norwich  bed  their  proportions  are  nearly  equal.  The  EUphas  mtrv- 
dionalis  is  continued  into  the  Forest  bed.  but  the  mastodon  disappears,  other 
species  of  elephant  coming  in  to  make  up  the  tale.  If^  then,  the  mastodon  occurs 
m  the  Chillesford  clay,  and  the  associated  upper  Crag  or  Mya  bed,  that  seems  to 
me  to  afford  a  strong  presumption  that  the  Chillesford  clay  is  older  than  the  Forest 
bed.  Now  there  are  two  instances  of  well-authenticated  finding  of  the  mastodon 
in  the  cliff  at  Easton  Bavent  One  was  the  tooth  of  a  young  animal,  which  was 
dog  out  by  Mr.  Ewen,  of  Southwold,  from  the  Upper  Norwich  Crag,  or  Mya  bed. 
I  have  seen  this  specimen,  and  have  a  letter  from  Mr.  Ewcn  in  my  possession 
describing  its  gisement.  The  other  was  a  portion  of  a  jaw,  with  a  tooth  in  it,  the 
finding  of  which,  half  way  up  Easton  cliff  in  a  fallen  mass,  is  described  in  a  letter 
finom  Colonel  Alexander  to  Mr.  Wood,  of  which,  by  that  gentleman's  kindness,  I 
possess  a  copy.  It  must  be  understood  that  this  was  not  the  tooth  picked  up  near 
Sizewell  Gap,  which  is  figured  in  Owen's  "Fossil  Mammals"  as  from  Colonel  Alex- 
ander's collection.  The  specimen  alluded  to  fell  to  pieces.  It  is  perfectly  true,  as 
Mr.  Gunn  has  pointed  out  to  me,  that  a  bed  of  clay,  extremely  like  the  ChiUesford 
da^,  occurs  at  the  base  of  the  Norfolk  cliffs  in  the  lower  part  of  the  Laminated 
senes,  but  I  do  not  think  that  lithological  character  is  a  reliable  guide  in  the 

g resent  case.  A  bed  of  clay  in  that  position  could  hardly  fail  to  have  the  Chilles- 
>rd  character,  but  I  have  seen  nothing  there  at  all  similar  to  the  Chillesford  fossils. 

There  is  another  supposition,  which  appears  to  me  worthy  of  investigation,  and 
that  is  whether  the  Chillesford  clay  may  not  be  a  continuation  of  the  lower  portion 
of  the  soil  of  the  Forest  bed.  The  occurrence  of  whales'  bones  in  the  clay  at 
ChiUesford,  and  also  in  the  soil  of  the  Forest  l>ed,  is  a  remarkable  feature  of 
resemblance,  and  this  supposition  would  intercalate  the  Chillesford  clay  in  what 
appears  to  me  to  be  its  most  probable  position,  intermediate  between  the  Crag  and 
the  Forest  bed. 

At  any  rate  the  sequence  of  events  introduced  the  deposition  upon  the  Crag  of  a 
fine  clay,  most  probably  formed  in  an  estuary  open  to  the  Northern  Ocean.  To 
this  estuary  whales  had  access,  and  there  is  much  reason  for  supposing  that  it  was 
no  other  than  the  estuary  of  the  Rhine,  and  of  the  Thames,  and  other  rivers  which 
formed  tributaries  to  it 

The  sides  of  this  estuary  next  became  dry  land,  so  as  to  allow  of  the  growth  of 

'  Nonifich  Mtrcury^  Nov.  9,  iS67, 
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ihe  forest  upon  the  old  muddy  boltom.  To  discuss  tlu 
beyond  the  province  of  ibc  present  paper,  but  I  am  ir 
or  at  any  rate  one  affecting  so  large  a  portion  of  the  ea 
lefi  any  traces  of  its  occurrence  in  local  faults,  or  apf 

There  is  reason  to  believe  that  the  derated  conditio* 
lasted  for  a  long  period,  and  it  seems  from  the  fauna  oft 
synchronous  with  a  warmer  climate,  than  that  which  pr 

I  am  unable  to  desciitw  the  condition  of  the  Forest 
tion,  since  it  has  never  been  uncovered,  when  I  have  v 
tion  of  a  Forest  bed,  which  is  always  to  be  seen  nei 
bably,  I  think,  belong  to  another  and  much  later  pei 
of  the  old  forest,  as  it  appeared  in  the  winter  of  i 
indurated  gravel,  and  occasionally  the  argillaceovs  . 
hardened  by  oxide  of  iron,  were  found  to  he  in  low  rid 
a\  feet  aliove  the  ordinary  level  of  the  Forest  bed,  and  ] 
armngoncnt,  I  should  conjeclore,  was  owing  to  the  di 
or  ccmentinc  matter  determining  the  undenuded  par 
beach,  he  adds,  was  seen  to  be  twisted  and  contoitcd  ir 
ner,  lying  in  the  space  of  lO  yards  in  every  possible  c 
broken  into  frngmenlaiy  masses.  But  so  (ar  from  bell 
denudation  suftered  by  this  deposit  as  seen  upon  the  I 
any  of  it  remains  ;  and  if  the  area  where  it  is  seen  1 
land,  so  that  in  the  process  of  going  down  (or  possibly 
river  breaking  its  l>anks  in  times  ofllood),  it  hod  becom 
sand  and  »lt,  when  the  sea  water  was  admitted  afterwa 
■wept  away,  as  the  water  gained  upon  it.  For  an  expa 
rate  size  gets  up  breakers  on  its  shores,  and  these  cut  : 
traces  of  its  or^nal  subaerial  surface  become  oblitei 
sinking  area  Ibis  process  must  conlinually  go  on  as  the  ' 
further  ujxin  the  land,  unless  the  land  should  go  do«Ti  !i 
and  the  sea  flow  over  it  before  the  waves  have  had  lim< 
Indeed,  I  should  suspect  that  this  result  of  a  sudden  ii 
occurred  in  ihc  present  cose,  not  by  a  paroxysmal  sink! 
destruction  of  some  seaward  barrier,  which  converted  '<i 
land,  and  next  a  freshwater  lagoon,  into  an  estuary. 

It  is  protiable  that  the  Forest  extended  towards  the  Ch 
soil  of  clay  extended,  but  from  the  causes  just  cxplaine 
vestiges  of  it  wuuld  always  be  preserved.  Indeed,  to  ) 
dcnuilation,  the  only  conditions  under  which  vegetable 
parts  of  animals,  con  long  resist  decomposition,  is  by  t 
covered  with  elay. 

i  lence  as  the  land  continued  to  sink  to  a  lower  and  I 
strata  of  sands,  clays,  and  gravels  would  accumulate  arw 
Forest  bed  wuuld  not  be  preserved  benealli  them,  exce 
had  become  submerged  before  the  area  communicated  v 

If  it  be  asked  how  far  the  waters  extended  which  drif 
theposition  now  occupied  bv  them,  I  am  not  aware  thi 
ground  of  answer.  But  their  close  relationship  to  the  < 
in  time,  I>ecausc  the  forest  intervened,)  would  lead  one 
differed  Utile  from  the  coast  line  of  the  Crag,  though  it  n 
somewhat  further  upon  the  Chalk  land. 

Subaerial  denudation  must  necessarily  have  been  goii 
during  the  period  of  the  Forest :  but  all  records  of  it  mu 

The  great  Glacial  series  of  deposits  follows  next  in  asc 
of  these  1  shall  adopt  Mr.  Seatlcs  V.  Wood  junior's  dl- 
and  Upper  Drift ;  and  1  am  bound  to  say  that  I  believi 
service  to  Geology  in  making  out  Iheir  sequence,  and 
the  three  members  of  that  great  formation.' 
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The  lower  Boulder-day  overlies  the  laminated  beds.  But  during  the  intenral 
between  them  the  sea  must  have  become  much  deeper,  and  have  been  now  in- 
volved in  a  system  of  extensive  tidal  currents. 

Ice  capable  of  transporting  mineral  matter  and  depositing  it  at  the  bottom  of 
tlie  sea  occurs  under  two  modifications, — as  icebergs  and  as  coast  ice.  Icebergs 
receive  the  principal  part  of  their  freight  while  in  the  parent  glacier,  partly  from 
rocks  falling  on  them,  and  partly  from  debacles  from  lateral  valleys,'  and  occa- 
sionally, after  they  become  detached,  by  approaching  close  to  clifiis  and  receiving 
fidls  from  them.    * 

Coast-ice  is  that  which  forms  by  the  freezing  of  the  surface  of  the  sea  along  the 
shore.  It  is  attached  more  or  less  to  the  huid,  and  in  that  respect  differs  from 
pack-ice,  which  is  formed  on  open  water.  By  pressure  taking  place  among  coast- 
ice,  heaps  of  shingle,  saiKl,  and  mud  are  formed,  to  which  the  ice  becomes  fixed, 
mod  the  whole  floated  away.  But  a  most  important  mode  by  which  mud  is  col- 
lected upon  shore-ice,  is  when  the  thawing  snow  of  spring  brings  down  quantities 
c^mud  from  the  land'  and  spreads  it  out  upon  the  coast-ice  before  it  breaxs  away. 
When  this  afterwards  takes  place  it  is  carricKi  into  deeper  water  and  there  deposited. 

It  is  clear  that  the  deposits  of  snudl  material  from  all  these  causes  will  take  a 
roughly  stratified  arrangement,  such  as  we  see  in  the  lower  Boulder-clay ;  and  the 
smallness  of  the  boulders  contained  in  it  and  its  gradual  deposition  appear  to 
point  to  coast-ice  as  the  instrument  of  its  formation.  By  coast-ice,  also,  the  few 
shells  which  it  contains  were  picked  up  from  off  the  shore.  Some  portions  of  the 
mass  have  doubtless  come  from  far,  but  probably  the  greater  portion  of  it  from 
near  at  hand.  In  a  fragment  of  this  stratum  which  remains  in  the  upper  part  of 
the  brickpit  near  the  Norwich  ferry,  the  clay  seems  to  be  chiefly  derived  from  the 
London  clay,  and  contains  numerous  Elocene  pebbles. 

What  appears  to  be  this  lower  Boulder-clay  may  also  be  observed  in  the  low 
cliff  immediately  above  the  Railway  Station  at  Hunstanton,  while  a  section  given 
by  Mr.  Rose^  proves  that  it  extends  to  Lynn,  where  it  rests'on  the  Oxford  clay. 

Hence  it  seems  that  the  area  of  the  Wash,  and  of  the  low  lands  of  part  of  the 
Bedford  level,  were  occupied  by  the  sea  in  the  early  part  of  the  Boulder-day 
period.  It  is  on  account  of  the  antiquity  of  these  master  valleys  that  the  lower 
Boulder-clay  takes  the  form  of  a  coast  deposit,  owing  to  its  low  position,  and  this 
f^ves  it  the  (as  I  believe)  fallacious  appearance  of  bearing  to  the  Upper  Drifr  the 
same  relation  that  the  low  level  gravels  are  supposed  to  bear  to  the  higher,  the 
lower  being  the  newer  of  the  two. 

I  am  not  aware  of  there  being  any  decided  (nroof  whether  or  not  the  Chalk  land 
was  covered  by  the  sea  at  this  period  ;  for  I  do  not  know  that  we  find  the  lower 
cLmt  reposing  upon  the  Chalk  in  any  of  the  higher  parts  of  the  county. 

The  occupation  of  the  sea  by  coast-ice,  to  the  exclusion  of  large  bergs,  points  to  a 
condition  of  shallowness,  and  to  a  freedom  from  the  currents  of  an  open  sea. 
When  the  sea  became  deeper  berjp  might  be  expected  to  be  introduced,  and 
accordingly  we  find  immistakable  evidence  of  thdr  action  to\i  ards  the  dose  of  the 
deposition  of  the  Lower  Drift. 

I  believe  that  that  deposit  had  been  a  gradual  and  a  tranquil  one,  and  from 
some  change  in  the  mode  of  deposition,  possibly  from  an  amehoration  of  climate, 
it  had  become  more  sandy  and  more  regularly  stratified  in  its  upper  part,  and 
that  at  that  period  the  sea  had  attained  a  considerable  depth.  Then  the 
period  of  the  Middle  Drift  set  in.  Larger  masses  of  ice,  loaded  with  heavier 
freights  of  sand,  and  gravel,  and  chalk,  were  introduced,  and  by  their  falling 
upon  the  previously  horizontal  strata,  those  contortions  were  formed  which  at 
first  sight  appear  so  perplexing  in  the  Cromer  cliffs. 

Let  me  request  your  attention  to  the  modus  operandi.  If  a  mass  of  material  is 
spread  out  equably  over  another,  both  being  in  a  plastic  state,  the  surface  of  their 
junction  will  be  horizontal.  But  if  a  quantity  of  one  such  material  be  dropped 
upon  a  limited  space  of  the  other,  it  will  sink  down  into  it,  and  the  depth  to  which 
it  sinks  will  depend  upon  the  quantity  which  falls.  The  material  of  the  lower 
stratum,  which  is  squeezed  aside  by  the  intrusion,  will  be  driven  into  folds  all 

'  Sutherland's  Journal,  vol.  i.  p.  127. 

s  Ibid.  vol.  ii.  pp.  zSs,  198,  and  Joum.  Geol.  Soc.  vol.  ix.  p.  308, 

^  Geology  of  W.  HorfoUk,  Phil.  Mag.  voL  viii.  p.  35. 
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amatld  the  area  invaded  b;  the  foreign  mass.  *  This  i 
of  the  anomaliei  of  whal  has  been  called  the  conta 
sideralilc  cunlorlions  occur,  they  will  be  found  conno 
nia«  of  sand,  or  gravel,  or  chalk,  or  of  some  matta 
clay  which  is  thrown  into  contortions.  When  the  ma 
has  sunk  down  through,  not  only  the  upper  Liul  also  1 
Uouldcr-day,  and  in  one  case  I  DOticed  thmt  it  had.  < 
the  laminated  licds  beneath. 


riehi 


und  ilropped  upon  the  Ldwcr 
'      '    linated   iM 
1  4°  f«t  hi 


am  betwHi 


Very  often  Ihe  mass  which  has  fallen  has  evidently 
thai  its  parts  have  maintainetl  positions  which  they  coi 
Iet^■e^l.  For  instance,  I  noticed  one  masi  in  which  w! 
muil,  its  surface  in  a  vertical  position,  and  the  ripple 
75'  to  the  horizon.  Nothing  is  more  common  thau  to 
tand  in  all  kinds  of  [lositions  incxjilicable  on  any  othei 
were  solid  masses  at  the  time  they  feU.  Now  tluit  snci 
only  |>ossilile  lint  certain.  If  a  frozen  mass,  consisliug  i 
the'  form  of  sand,  clay,  pnvc'  '      ' 


iielh  i 


built  c 


moinenl  that,  tiy  Ihe  thawin);  of  the  ice,  the  r: 
whole  mu'J  inin'ie.  I  lately  sink.  It  is  true  that  we  maj 
arraiq^cd  in  the  berg  that  it  might  all  be  liberated  wilht 
the  infmile  numlier  of  ways  in  which  the  rucky  matter  m 
it  canniit  liut  occur  that  blocks  of  ice  contaiaiEg  es 
sink  Iwfore  tlicy  are  Ihawal. 

llms,  Mr.  Trimmer's  supposition  is  established,  that 
beildcd  in  the  %ea  boltom,  and,  by  its  subsequent  liquefai 
to  produce  ihe  contortions.'    1  belie\'e,  however,  tfaatll 


provi 


Ubly  d 


njT  cimtorlions  in  the  underlying  beds  to 
matter  upon  llioir  surface,  1  wcmid  po  to  the  cxlent  of  ! 
able  liluns  of  chalk  at  Trimmiugham  may  have  lieen  upi 
I'here  arc  two  of  these  about  liolf  a  mile  distant  from  C 


ir™!.  ofwiier.l 
.Vthe^pctifici 
S' 


>c  Ihe  m.-i.*  fl.uu  sr-*-  S-M^i  If,  uJ  becii 
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them  exhibits  chalk  at  low  water,  consisting  of  identically  the  same  beds  as 
those  constituting  the  bluffs,  and  one  of  these  beds  is  very  marked  from  the  abund- 
ance of  a  small  oyster.^  The  chalk  on  the  shore  is  even  more  disturbed  than  that 
in  the  cliff',  some  of  it  standing  at  a  very  high  angle.  But  what  is  especially  worthy 
of  remark  is  that  the  Boulder-clay  also  appears  on  the  shore,  intermixed  with  the 
Chalk,  and  partaking  of  the  same  contortions.  At  one  place  a  very  distinct  synclinal 
was  observed,  where  the  Boulder-clay  was  invested  on  three  sides  by  Chalk.  I 
oonceive  the  elevation  of  these  great  masses  of  Chalk  to  have  been  due  to  a  kind 
of  creep.  But  there  are  other  features  about  the  bluffs  which  are  very  puzzling. 
One  of  these  is  the  cavities  they  contain,  filled  with  stratified  alternations  of  cal- 
careous sands  and  carbonaceous  matter,  evidently  of  ancient  date.  These  cavi- 
ties led  me  to  suppose  these  masses  might  have  formed  needles  or  rocks  in  the 
Glacial  sea.  But,  if  so,  it  is  difficult  to  conceive  how  the  large  flints,  usually 
covering  the  Chalk  surface,  could  have  been  preserved  upon  their  upper  parts  in 
sitiit  as  they  are. 

During  the  period  of  subsidence — intermediate  between  the  deposition  of  the 
Lower  Boulder-clay  and  middle  Drift  of  Mr.  Wood,  when  those  deposits  were  formed, 
which  he  distinguishes  by  the  letters  /,  Jt — it  is  probable  that  a  great  amount  of  de- 
nudation took  place  upon  what  h  now  the  Chalk  district  of  Norfolk. 

Mr.  Trimmer  places  the  "reconstructed  Chalk"  in  this  period,  and  I  agree 
with  him,  differing  from  Mr.  Wood,  who  fixes  it  at  an  earlier  period.  But  in  using 
this  term,  ** reconstructed  Chalk,"  I  must  guard  myself  against  being  misundei^ 
stood. 

Norfolk  geologists  are  accustomed  to  speak  of  the  disintegrated,  and  somewhat 
deranged,  Chalk  in  the  upper  portions  ot  their  vast  chalk -pits,  as  **  reconstructed 
Chalk. "  The  examples  which  have  been  pointed  out  to  me,  as,  for  instance,  that 
at  Eaton,  to  which  1  was  conducted  by  Mr.  Taylor,  I  believe  to  be  nothing  more 
than  Chsilk  disintegrated  m  situ  by  the  percolation  of  atmospheric  water.'  But  on 
the  north-eastern  boundary  of  the  Chalk  area  chalky  matter  in  a  very  different  con- 
dition is  to  be  met  with.  It  is  to  be  seen  in  a  very  typical  form  about  Kelland  and 
Weyboume.  The  chalky  loam  is  usually  cream  coloured,  and  is  much  of  it  hori- 
zontally stratified,  and  contains  thin  bands  of  sand  and  laminae  of  mica.  This  is 
especially  notable  in  a  pit  on  Kelland  heath.  There  the  section  of  the  quarry  has 
a  nne  ribboned  structure,  observable  in  the  smallest  specimens,  exactly  like  some 
of  the  ribboned  layers  of  a  fresh-water  deposit  (the  rurbeck  beds,  for  instance). 
The  planes  of  division  contain  much  mica.  The  formation  of  this  loam  is  easily 
explained,  by  conceiving  icebergs  to  have  stranded  upon  the  shoal  of  Chall^ 
the  margin  of  which  extended  to  this  place,  and  grinding  over  the  surface  under  the 
action  of  winds  and  tides,  to  have  raised  clouds  of  chalky  mud,  which,  minp^ling 
with  the  foreign  material  from  the  berg  itself,  settled  at  a  lower  level,  in  horizon- 
tally bedded  loam,  around  the  confines  of  the  shoaL 

The  deep  channels  cut  out  of  the  chalk  surface  by  these  ber^,  are  to  be  found 
further  to  the  west.  There  is  a  splendid  section  of  such  a  one  in  the  railway  cut- 
ting between  Holkham  and  Wells.  The  width  of  it  is  120  yards.  It  is  filled  with 
coarse  bouldered  gravel,  and  fine  calcareous  sand,  containing  abundantly  frag- 
ments of  chalk  foraminiferse,  and  occasionally  a  fragment  of  the  Cardiutn  edule. 


■''1  *' 


a  b  c  a 

Railway  Cutting  west  of  Wells,  Norfolk.  Length  loo  yards,  height  35  feet. 

a.  a.  Chalk  in  situ. 

b.  False  bedded  calcareous  white  sand,  consisting  largelj  of  minute  organisms  of  the  Chalk 

with  an  occasional  fragment  of  CardiMm  edule. 

c.  Very  coarse  bouldered  flint  gravel,  with  subangular  lumps  of  Chalk, 

*  Mr.  Secley  considers  it  to  be  probably  Ostrta  acutirostris  (Nilb),  common  in  the  lower 
Chalk  of  Camoridgeshire. 

*  There  is  reason  to  think  tliat  this  disintegration  is  sometimes  very  old,  if  not  Pre-gtacial  and 
of  the  age  of  the  Forest  bed,  owing  to  the  remarkable  cervine  remains  accoovigAiv^VnsiSSL^  «&  '»x 
Whitlinghom. 
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Here  we  hftve  the'  coutet  materials  from  which  t 
carried  ofT  to  form  loam  eUewhere  (an  uident  man 

magnificent  scale). 

The  occurrence  of  masses  of  gkcUl  matcrisla  in  ice 
IS  flic  instance  at  Gallows  Hill,  on  the  side  of  the  CI 
Bii<]  in  a  pit  just  beyond  Harford  Bridges,  on  the  ] 
may,  I  think,  l>e referred  to  this  kind  ofttctioa  suid  (i 
to  nnd  tbat  the  conclusion  I  came  to  upon  the  groun 
strucled  Chalk  agrees  with  Mr.  Trimmer's,  who  plac 
is  the  Middle  Drift  of  Mr  Wood.  The  denudation  to 
been  subjected  during  the  period  of  the  Middle  Dntt,  i 
ing,  must  have  been  enormous.  Bear  in  mind  how  sraa 
Chalk  is  formed  of  llints,  and  then  consider  the  imme 
coarse  and  fine,  derived  from  chalk  flints,  out  of  whicl 
the  thick  and  extensive  outspread  of  the  Middle  Di 
gravels  of  many  parts  of  Norfolk,  as  !  am  informed  1 
of  flints,  containing  a  peculiar  sponge,  occur.  I  ha.vi 
dance  in  Ihc  coarse  bouldercd  gravel  overlying  the  Loi 
Now  the  bed  of  Chalk  containing  these  flints  is  nowh< 
shore,  anil  in  the  remarkable  bluff  already  alluded  to  i 
where  else  that  bed  of  Chalk  has  been  denuded,  and  mu 
during  the  period  of  the  Middle  Drift. 

It  is  in  the  lower  part  of  this  middle  member  of  tht 
Creat  bouldered  Hints  principally  occur.  Tliey  arc  mi 
may  be  seen  in  the  pit  at  Wayford  Bridge,  and  many  < 
lofty  clifli  at  Bccston  and  Beacon  hill,  and  cover  the 
ranges  round  Cromer.  Mr.  Wood's  opinion  is  that  thij 
formed  during  an  amelioration  of  climate.*'  Mr.  Trim 
an  examination  of  the  soundings  recorded  In  Polar  vc 
Sir  Eila-aid  I'arry,  proves  that  in  frozen  seas,  mud,  whii 
is  rrgnnleil  as  a  deep  water  deposit,  is  characteristic  ol 
sand  and  shinylc  would  prevail  in  other  seas.'  Thougl: 
api>eani  intended  to  be  asserted. 

1  think  wc  may  say  that  very  Utile  beyond  lis  gcogr 
about  this  stratum.  I  Uved  upon  it  in  Essex  for  seven 
ing  a  variety  of  pebbles  from  the  old  rocks,  and  one 
learn  little  definite  about  it.  I  once  found  a  few  fragm 
of  a  Tdlina,  from  a  sand  pit  in  the  valley  .it  Hoxne,  I 
position  seems  to  belong  to  the  Middle  Drift  At  a  pi 
called  Fiivrovc  pit,  a  sand  occurs,  which  appears  to 
contains  ioraminifcrx,  dcrit-ed,  as  Mr.  Tailor  tells  m< 
Boulder- clay.  The  former  appear  lo  be  of  the  same  si 
railway  cutting  near  Wells.  We  owe  ilmoal  all  the  dei 
about  the  Middle  Drift  to  Mr.  S.  V.  Woo.1,  jun.  He  seei 
sea,  which  deposited  it,  did  not  cover  the  highest  lam 
lowest  beds  in  Norfolk,  forming  the  crest  of  some  of  th 
cm  part  of  the  county,  and  I  think  it  b  exceedingly  pro 
whole  Chalk  area.* 

There  are  patches  of  Boulder-day,  as  for  ir.stsnce 
places  around  Norwich,  which  are  believed  to  belong  I 
the  Middle  Drift  must  have  been  greatly  reduced  in  ihic 
they  wore  dcpositetl,  or  else  it  must  have  been  original 
than  where  normaliy  developed. 

The  Upper  Boulder-clay  or  Upper  Drift  was  first  dis 
by  Mr.  Searlcs Wood.jun.'    It  is  that  stratum  which. 


Kill,  or  NorfDlk  Jour.  oTAgT.  Socitly,  vol.  vii.,  p.  ^fij. 
Icmarlti  in  explanation  of  M^ip  of  Upper  Tcrtiaries,  p.  i>. 
oumal  ofGcoZogical  Society,  vol.  vii.,  p.  91. 
audi  mere  teenalwul  Docking  on  higli  Clulli  lind,  vhich  a] 
temaikk  ia  ExpUukalVon  of  i\k  ^^v  ^^  llbnU'^vu  Tenniui 
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mn  extensive  spread.  Since  the  whole  of  the  area  of  Norfolk  was  probably  deep 
beneath  the  ocean  which  deposited  this  clay,  and  denudation  consequently  almost 
suspended,  our  great  ignorance  of  the  period  in  question  does  not  greatly  affect  the 
sabiect  in  hand. 

xhe  researches  of  Messrs.  Wood  and  Rome  in  Lincolnshire  and  Yorkshire^ 
have,  however,  thrown  some  light  upon  the  series  of  deposits  subsequent  to  the 
Upper  Boulder-clay  of  Norfolk.  The  transport  of  ice-borne  materials  appears  by 
no  means  to  have  ceased  with  the  Upper  Dnft  of  Norfolk.  That  deposit  becomes  a 
fresh  point  of  departure,  and  is  descnbed  by  them  as  the  basent^nt  Boulder-clay  of 
the  adjoining  county.  There  it  is  on  the  eastern  or  seaward  side  of  the  Wolds 
overlaid  by  another  Boulder-clay  containing  Chalk  pebbles  in  much  diminished 
abundance,  and  called  by  them  the  Purple-clay.  Patches  of  the  same  clay  on  the 
northern  and  western  confines  of  Yorkshire  prove  that  that  clay,  though  now  gene- 
rmlly  denuded,  once  extended  considerably  to  the  north-west  of  its  present  boundary. 
This  clay  occurs  on  the  summit  of  the  Chalk  escarpment  at  a  height  of  400  feet ;' 
and  the  authors  conclude  that  the  entire  absence  of  Chalk  in  its  upper  portion  is 
due  to  the  submergence  of  the  entire  Chalk  range  under  a  very  deep  ocean.  There 
may,  I  think,  be  another  explanation  of  this  fact ;  for  it  does  not  follow  that 
glacial  conditions  must  prevail  wherever  glacial  deposits  are  carried ;  and  yet 
again,  a  glacial  envelope  of  a  land  surface  is  not  a  necessary  consequence  of  a  very 
cold  climate,  great  precipitation  being  also  a  requisite  concomitant  condition.* 
£ither  of  these  suppositions  might  perhaps  explain  the  absence  of  Chalk  debris  in 
the  Purple-clay  without  necessitating  the  immense  submergence  supposed. 

Having  thus  traced  the  changes,  with  their  accompanying  denudations,  which 
built  up  the  series  of  deposits  between  the  fundamental  Chalk  of  Norfolk  and  its 
Upper  Boulder-drilt,  and  having  pointed  out  fiom  a  reference  to  the  work  of 
Messrs.  Wood  and  Rome  that  there  was  probably  a  still  further  accumulation  of 
material,  of  which  no  remnant  now  remains  in  this  county,  I  am  next  called  upon 
to  suggest  the  means  by  which  an  immense  quantity  of  these  accumulations  has 
been  removed,  and  the  surface  reduced  to  the  undulating  form  which  now  obtains. 

There  are,  then,  two  grand  points  for  consideration  in  this  problem.  First,  the 
removal  of  material,  and  secondly  the  formation  of  contour. 

But  the  formation  of  contour  is  due  to  the  removal  of  material ;  and  hence  the 
question  arises  whether  the  same  agencies  which  have  produced  the  present  contour 
have  removed  all  the  material.  Have  the  Purple-clay — which  probably  covered  the 
Upper  Drift  of  Norfolk— and  the  Upper  Drift,  and  the  Middle  Drift,  and  the  Lower 
Drift,  been  all  denuded  from  the  Chalk  hills  of  this  county  by  the  same  agency 
which  gave  them  their  form,  and  carved  out  the  valley  in  which  we  are  now 
assembled.     It  is  demonstrable  that  such  was  not  the  case. 

Almost  all  geologists  of  the  present  day  agree  with  Hutton  and  Playfair  that  the 
winding  valleys,  and  gently  swelling  hills,  were  not  shaped  by  ocean  waves  and 
currents.  They  are  the  result  of  subaerial  as  distinguished  from  submarine  denu- 
dation. But  the  whole  pile  of  rocks,  out  of  which  they  have  been  formed,  was  once 
beneath  the  sea.  The  land  must  have  been  raised,  or  the  ocean  lowered,  before 
subaerial  denudation  could  commence.  During  that  process,  whether  it  were  short 
or  long,  marine  denudation  must  have  taken  place.  Hence  the  questions  are  how 
much  of  it  was  due  to  the  sea ;  and  how  did  the  sea  act.  I  believe  it  may  be 
accepted  as  an  axiom  that  under  any  given  circumstances,  whether  of  submarine  or 
subaerial  denudation — that  is,  in  all  cases  where  the  movement  of  material  is 
effected  by  the  combined  action  of  the  pressure  of  moving  water  and  gravity— a 
state  of  comparative,  not  absolute,  equilibrium  will  be  soon  attained.  But  when 
an  alteration  of  the  relative  levels  takes  place,  producing  a  shallowing  of  the  sea, 
or  an  increased  inclination  of  river  courses  or  glacier  beds,  the  eroding  agents  begin 
to  act  at  greater  advantage,  the  condition  of  approximate  equilibrium  is  destroyed, 
and  denudation  is  accelerated.  I  need  not  enter  into  the  mechanics  of  this.  It  will 
occur  to  every  one  considering  the  subject,  how  the  currents  of  the  ocean  move 
more  rapidly  over  the  bottom  when  the  depth  is  diminished  up  to  a  certain  limit,* 

I  Journ.  Geol.  Soc.  vol.  xxiv.  p.  146.  «  Geol.  Journ,  vol,  xxiv.  p.  149. 

8  Sutherland,  Arctic  Regions,  Journ.  Geol.  Soc.  vol.  ix.  p.  30a. 

4  But  there  is  a  point  at  which  the  friction  of  the  bottom  so  cVi«dc%  xJca  tajq^vq^tl  «&  oaxwo&x^ 
that  denudation  cea5«£s,  as  mzy  be  seen  on  a  low  shore  when  ike  \^e  xu»&  q>xX« 

yoL,  y,—»o,  zjv,  ^^ 


554  fhher— Denudations  of  Norfolk. 

aad  on  land  the  streams  flow  more  svnfUy,  and  earthy  matter  is  moie  loyfilf 
movable,  when  the  fall  is  increased. 

If  we  knew  the  scouring  force  of  marine  cnnrents  in  any  locality,  we  corid  cal- 
culate exactly  the  rapidity  with  which  an  area  might  t>e  elevated*  so  as  to  hat^  't 
just  submerged.  Upon  this  eastern  coast  we  know  the  soonx  to  be  veiy  consideiahlft 
The  instance  given  by  Mr.  Gunn  is  much  to  the  purpose.  ^  Mr.  Cuoitt,  of  Bsctoi^ 
informed  him  that  vessels  can  now  sail  at  high  water,  where,  no  more  than  doty- 
five  years  ago,  land  was  cultivated,  and  I  have  already  referred  to  an  instmoe  it 
Wahon-on-the-Naze,  where  the  depth  of  water  is  constantly  increasiiv  bcncskklke 
jetty.  In  fact,  it  is  self-evident  that  the  sea  oter  any  given  ^x>t  off  Uus  coaa  ■ 
gradually  becoming  deeper — in  other  words,  marine  denudation  is  [sugiui'm 
From  such  consideiations  it  would  appear  that  the  tme  measore  of  dennoatioa  ■ 
the  rate  of  the  elevation  of  the  land  (or  depression  of  the  sea)  up  to  a  oouii 
Talue  of  that  rate  ;  so  that,  under  favourable  circumstances,  snbmarine  iVamiitka 
may  go  on  much  more  rapidly  than  we  are  apt  to  suppose. 

As  soon,  however,  as  the  rate  of  elevation  begins  to  exceed  the  rate  of  deaiids- 
tion,  dry  land  will  make  its  appearance.  And  in  every  place  where  dry  land  enatt 
this  must  have  happened  ;  and  it  appears  to  me  to  be  an  arg;ument  for  much  moe 
rapid  movements  of  the  surface  than  we  usually  suspect. 

Let  us  now  trace  what  would  seem  to  be  the  consequence  of  the  ra,te  of  npbeanl 
exceeding  that  of  marine  denudation  among  such  strata  as  we  have  hereiboats. 
The  surface,  as  has  been  shown,  I  believe,  by  Professor  Ramsay,  would  emcige  ■ 
an  approximate  plane  of  considerable  extent  Inequalities  would  exist  upon  it,  so 
that  the  sea  would  run  up  into  inlets  around  the  coast,  and  in  the  intervening  pszts 
the  waves  would  commence  the  formation  of  cliffs.  Now,  as  the  elevation  con- 
tinued, what  would  become  of  those  cliSs  t  Would  they  be  raised  high  and  diy, 
and  form  escarpments  inland?  I  think  noL  As  the  land  rose,  the  beach  would  be 
constantly  swept  away,  and  the  cliffs  would  continue  to  be  sea  cliflls,  being  still  cat 
back,  but  more  slowly  than  if  the  land  were  stationary.  Around  the  shores  of  the 
estuaries,  however,  where  the  force  of  the  waves  was  less,  the  beach  might  possibly 
be  raised  high  and  dry  by  a  rate  of  elevation  too  small  to  produce  the  same  effect 
on  the  open  coast.  It  follows,  then,  that  the  present  sea  cliffs  will  in  the  main  be 
the  true  representatives  of  the  original  cliffs,  which  began  to  be  formed  when  the 
land  first  emerged  from  the  ocean.  They  will,  doubtless,  by  waste  have  been  cut 
back  further  inland, but  tliey  will  l)e  the  true  successors  of  the  original  cliffs. 

This,  then,  is  another  argument  against  inland  escarpments  among  soft  strati 
being  old  sea  cliffs,  in  addition  to  those  which  have  been  frequently  adduced  and 
so  well  collected  and  commented  on  by  Mr.  Whitaker.* 

I  think  it  by  no  means  certain,  nevertheless,  that  submarine  erosion  by  currents, 
(not  by  waves, )  may  not  have  acted  more  readily  along  the  outcrop  of  soft  beds, 
and  thus  commenced  the  valley  systems  which  have  been  intensities,  and  brought 
into  tlieir  present  contour,  by  subsequent  subaerial  action  (usmg  that  term  as  the 
opposite  to  submarine).  I  suppose  that  the  gravels,  which  may  be  conceived  to 
have  resulted  from  such  action,  are  what  Mr.  Searles  Wood  calls  in  his  writings 
**  denudation  gravels."  But  the  general  absence  of  marine  cxiei'tta  of  every  kind  is 
a  difficulty  in  this  view  of  their  formation. 

It  will  be  understood,  then,  that  I  should  attribute  the  removal  of  the  vast 
amount  of  rock  which  has  disappeared  fn)m  this  area,  to  tlie  action  of  the  sea. 
But  not  so  the  present  contour  of  the  surface.  I  believe  few  doubt  that  that  has 
been  produced  subaerially  by  some  agency  disintegrating  the  surface  and  carrying 
it  downwards  into  the  sea,  tlius  scooping  out  the  valleys  and  leaving  the  hills  oat- 
standing. 

I  need  not  recapitulate  on  this  occasion  the  arguments  which  have  been  adduced 
by  many  to  show  that  this  work  has  been  effected  by  rain  and  rivers,  but  1  may  be 
permitted,  and  indeed  1  conclude  that,  by  the  present  task  having  been  assignetl  to 
mc  by  the  local  committee,  I  am  expected  to  give  a  short  account  of  my  own  news 
upon  the  subject. 

In  such  a  country  as  this,  where  many  of  the  strata  consist  of  mixtures 
of  clay  with  large  Hints,  and  boulders  of  igneous  and  other  hard  rocks,  I  can- 
not conceive  how  rain  can  have  cleared  them  away.*    The  difficulty  is  the  same 

I   Geology  of  NorfoVVt,  p.  26.  *  Geql.  Mac,  vol.  IV.,  jip.  447,  ^Sj. 

'  Sec  Mr,  Mackmtosh's  \cu«  Ovav^'M-kg.,  v^WN  .  v«  ^T*-* 
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when  the  strata  consist  of  coarse  gravelly  Drift,  as  for  instance  in  the  lower  beds 
cf  the  Middle  Drift,  which  form  the  picturesque  hills  about  Cromer.  If  the 
torfiioe  of  the  lower  eround  be  examined,  where  the  rich  land  occurs  upon  the 
upper  portion  of  the  Lower  Drift,  as  it  is  seen  in  section  in  the  difis,  we  find  no 
ffremt  accumulation  of  any  such  material,  as  it  seems  to  me  must  have  been  left  be- 
niiid,  had  the  denudation  of  the  superincumbent  Middle  Drift  been  due  to  its 
having  been  gradually  washed  away  by  rain  or  melting  snow.  This  is  a  n^ative 
aqniment. 

On  the  other  hand,  I  have  long  had  my  attention  directed  to  the  condition 
of  the  surface  in  districts  consisting  of  sand,  gravel,  and  clay,  and  I  think  that  I 
see  unmistakable  evidence  of  the  soil  having  been  moved  in  a  plastic  state  to  the 
depth  usually  of  fkx>m  three  to  five  feet ;  furrows  being  often  formed  whidi  run  to 
a  greater  depth.  These  must  not  be  confounded  wim  sand  pipes  in  calcareous 
strata,  which  are  chiefly  due  to  solution,  but  they  occur  over  all  kinds  of  strata 
aHke.  Often  we  see,  in  the  manner  in  which  the  movement  of  the  surface  has 
taken  place,  evidences  of  pressure.  The  material  which  has  been  thus  pushed 
onwaros  consists  of  a  mixture  of  the  subsoil  with  material  derived  from  the  higher 
iprounds.  Stones  are  suspended  in  clay,  and  not  always  collected  at  the  bottom, 
at  if  the  toatter  had  been  arranged  by  water  (though  sometimes  that  is  the  case). 
Hiis  is  the  material  which  I  have  called  **  trail." ^  It  is  not  identical  with  the 
''warp,"  which  is  a  somewhat  similar,  but  more  recent  and  superficial  covering 
deriveid  from  the  action  of  the  weather  upon  the  trail.  The  warp  contains  oiganic 
remains,  but  I  believe  the  trail  never  does  so. 

I  have  suggested  that  this  peculiar  condition  of  the  surface,  as  also  certain  other 

Shenomens^  such  as  the  reversal  of  the  edges  of  slaty  laminse,'  as  described  by 
Ir.  Mackintosh,  may  be  due  to  land  ice  ;'  and  I  have  shown  that,  on  Mr.  CroU^ 
theory  of  climaUd  changes,  it  is  probable  that  a  condition  of  things,  conducive  to  a 
glacial  climate,  probably  existed  in  this  country  about  1 10,000  years  ago.*  But  I 
am  open  to  conviction  from  any  one  who  will  explain  the  phenomena  on  a  different 
sopposition. 

jThe  remote  age  which  I  have  assigned  to  the  trail  on  the  Glacial  theory  may  ap- 
pear startling,  at  least  to  those  more  careful  geologists  who  keep  note  of  their  drafts 
upon  the  bank  of  time.  But  I  have  shown  that  the  trail  is  so  old,  that  considerable 
geological  changes  have  taken  place  since  its  formation.  It  is  older  than  thei^-n;^*- 
cularia  mud,  which  skirts  our  estuaries,  and  older  than  the  submerged  forests  which 
lie  beneath  them,*  in  which  Elephas  primigeniiis  occurs. 

But  putting  aside  the  argument  for  absolute  dates  from  climatal  considerations, 
and  reverting  to  the  usual  geological  scale  of  relative  antiquity,  we  have  evidence 
from  the  manner  in  which  the  lower  parts  of  valleys  are  occupied  by  forest  grounds, 
covered  with  ancient  mud  containing  estuarine  shells,  and  those  covered  again  by 
turbaries,'  that  the  present  configuration  of  tlie  surface,  with  the  exception  of  very 
minor  subseouent  modifications,  dates  back  to  a  far  distant  and  prehistoric  age.  For 
it  is  evident  tnat  the  same  configuration  of  hill  and  dale  existed,  and  indeed  must  have 
been  formed,  when  the  land  was  higher  than  it  is  now,  and  when  those  portions  of 
the  valleys,  which  are  now  either  drowned,  or  covered  by  marsh  land,  were  consi- 
derably raised  above  the  sea. 

But  carrying  back  our  observations  to  a  period  long  antecedent  to  the  submarine 
forests,  we  find  evidences  of  a  similar  cycle  of  events.  We  have  a  form  of  surface 
almost,  but  less  nearly,  identical  with  the  present  one,,  and  an  older  drowning  of 
the  lower  valleys.  The  former  surface  exhibited  in  the  section  of  the  old  valley  at 
Mundesley  belongs  to  this  period,  and  the  marine  deposits  of  the  Valley  of  the  Nar 
probably  to  its  later  phase.  As  far  as  I  am  at  present  aware,  the  period  of  eleva- 
tion to  which  I  am  referring  is  characterised  by  the  common  occurrence  oi Elephas 
antiquus  in  company  with  primigcnius^  and  also  of  Rhinoceros  leptorhinus.      Unto 

1  Journ.  Gcol.  Soc,  vol.  xxii.  p.  553.  In  a  tmall  pit  adjoining  Mr.  Barnes'  brick  pit  at 
Stirlingham,  I  saw  a  fine  exhibition  of  the  trail  with  stones  from  the  Boulder-clay,  one  of  which 
was  about  twenty-five  pounds  weight. 

9   Journ.  Geol.  Soc,  voL  xxxiii.,  p.  333. 

t  Geol.  Mac,  vol.  III.,  p.  483.  ♦  Ibid.^  vol.  IV.,  p.  193. 

*  Journ.  Geol.  Soc,  vol.  xxii.,  p.  553. 

•  llie  shells  from  Downham,  near  Ely,  are  Scrobicularia  CardiMm^  &c«t9C&i\^DtKX^iiVk«^^w«ft. 
beceAth,  and  the  bones  of  hcAvcn  are  found  assodated  with  \t. 
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littoralis  is  also  common,  and  Corhiada  fluminalu  in  the  lower  parts  of  tbevilk^ 
Worked  flints  do  not  appear  to  be  usual  (if^  indeed,  they  occur  at  all)  in  thedepotf 
of  this  age.  The  occurrence  of  EUpheu  antiquus  m  association  with  wockedfliis 
appears  by  no  means  usuaL  ^ 

The  valley  deposits  of  Ilford,  Grays,  Clacton,  Lezden,  and  Wa]ton•an-A^Klx. 
all  in  Essex,  appear  to  be  of  this  earlier  age  ;  and  at  Clacton  there  is  dor  eii- 
dence,  and  at  Grays  probable  evidence,  that  a  subsequent  submergence  ooonrei 
since  the  lower  part  of  the  deposit,  in  which  the  mammalian  bones  and  bid  ad 
freshwater  shells  are  found,  is  covered,  in  the  one  case  by  a  distinctly  e^t^^ai^^td^ 
posit,  and  in  the  other  by  false  bedded  sands,  which  can  scarcely  be  othenrisete 
estuarine. 

I  would  refer  the  marine  deposits  of  the  valley  of  the  Nar  to  the  doK  of  tt 
period,*  because  they  are  newer  than  the  Boulder-clay'  but  older  than  the  etfaanae 
mud  (Scrobicuiaria  day)  of  the  Fens,*  which,  as  already  mentioned,  overtis  Ae 
submarine  forest  But  it  must  be  admitted  that  the  exact  age  of  the  Nar  depoils 
has  not  hitherto  been  determined. 

I  am  disposed  to  place  the  deposit  at  Mundesley  among  the  earlier  vaDey  de 
posits,  on  account  of  the  occurrence  of  Elepkas  antiquus  there.  Mr.  Gnnn  btstke 
specimen  in  his  possession,  which  was  obtained  from  the  dark  silt  {b)  of  Mr. 
Prestwich*s  section.' 

The  consideration  of  the  present  condition  of  the  surfitce  in  connection  with  the 
form  of  the  ground  and  of  the  denuding  agents  has  led  me  to  refer  to  the  order  of 
the  later  events  in  a  reverse  order.  I  will  shortly  recapitulate  them  in  the  order  of 
their  occurrence. 

After  marine  denudation  had  removed  vast  quantities  of  deposits,  probsb^ 
exposing  the  Chalk  and  the  other  strata  in  those  areas  which  they  now  occoot, 
the  earnest  valley  denudation,  of  which  we  have  records  remaining,  was  oat 
characterised  by  the  Elephas  antiquus  in  company  with  primigmius.  This  Tsflef 
system  was  partly  submerged,  and  again  re-elevated  to  an  sutitude  greater  tlua 
the  present.  This  second  period  was  that  of  the  Elephas  primigenius^  with  bat 
few  of  its  former  companion,  antiquus^  and  of  the  fabricators  of  the  early  chipped 
implements.  A  subsequent  denudation  took  place,  of  which  the  travelled  nuteml, 
which  I  call  trail,  is  the  testimony. 

The  warp  covering  the  general  surface  was  formed  toward  the  latter  part  of  this 
period,  and,  as  I  conceive,  the  Reindeer  then  lived  in  our  latitudes,  and  Elep^^ 
primigenius  still  survived.  This  was  the  period  also  of  the  submarine  forests  whidi 
occupy  most  of  our  low  shores.  A  depression  then  occurred  which  covered  the 
lower  forest  groimds  with  the  Scrobicuiaria  mud  (called  **  buttery  clay"  in  the  Fens), 
and  I  have  found  the  warp  of  the  lower  grounds  beneath  it  in  Essex.* 

A  final  elevation  of  a  few  feet  introduced  the  recent  period. 

I  have  already  alluded  to  the  condition  of  the  surface  which  shows  traces  of  the 
upper  portion  having  been  moved  in  a  plastic  state.  I  will  now  call  your  attention 
to  some  features  in  the  contour  of  the  surface  in  this  county  whicli  ought  to  throw 
light  on  the  mode  of  final  denudation. 

In  the  first  place  the  broads  of  Norfolk  are  a  peculiar  feature.  They  are  portions 
of  the  valleys  which  have  not  had  time  to  become  filled  up,  either  by  silt  or  by  the 
growth  of  peat.  If  the  mode  of  filling  up  of  the  broads,  as  it  is  now  going  on,  be 
observed,  it  will  be  found  that  the  peat  encroaches  from  the  edges.  Hence,  as 
might  be  expected,  we  find  the  wider  parts  of  the  valleys  to  be  those  which  are 
occupied  by  broads,  for  it  is  evident  that  these  would  take  longer  to  be  filled- 
But  why  should  we  find  this  feature  in  this  part  of  England  in  particular?  Is  there 
any  thing  peculiar  to  Norfolk  which  may  account  for  it?  There  is  this.  The 
winter  isothermal  of  32"  F.  takes  a  course  parallel  to  the  eastern  coast  of  England, 
skirting  the  western  extremity  of  Norway.  Consequently  we  may  well  conceit 
that,  under  a  severer  climate,  glacial  conditions  would  have  lingered  longer  in  the 

1   "  Antiquity  of  Man,"  pp.  134-173. 

•  For  Mr  Rose's  description  of  these  deposits  see  Phil.  Mag.  vol.  viii.  p.  30,  and  Geol.  M^g. 
Vol.  II.  p.  8.  For  Mr.  Trimmer's  ditto,  Joum.  of  Agnculturai  Society,  vol.  vii.  p.  469,  aod 
Geol.  Joum.  vol.  vii.  p.  23. 

■  Rose,  Phil.  Mag.,  vol.  viii.  p.  34.  *  Ibid,  p.  36, 

^  Brit.  Assoc.  i%6o.     Se<i  OwAo^'sJl,  \^^i^  ■^,  ^«5. 

*  Jour.  Geol.  Soc.,  vo\,  xxii,  ^.  s^*. 
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eastern  than  in  the  western  parts  of  Englaod,  and  that  the  bottoms  of  raUers  wonM 
bave  been  still  occnpied  by  ice  here,  aiter  Lhey  had  beciae  clear  of  it  in  the  west 
Hence  the  commencement  of  the  process  of  nllir^  rp  wc^ild  ha^e  been  delaved, 
and  whereas  it  is  completed  elsevrhere,  it  would  be  stil]  in  progress  here. 

The  windings  of  the  valleys  also  ^>pear  to  be  on  a  larger  scale  than  C2Ui  be  doe 
to  such  rivers  as  the  size  of  their  gaihering  grounds  cozli  produce.  This  is 
especially  noticeable  in  the  valley  of  the  Bure-  Thus  Belau^ h  church  stands  on  an 
isthmus  of  high  growid,  and  the  valley  tales  a  sweep  rouiid  it  three  miles  long, 
TCtnming  almost  to  the  same  point  again.  The  actual  river  winds  in  small  cur^-es 
at  the  bottom  of  the  great  valley.  Now  Mr.  Ferrusson  in  a  paper  on  the  Ganges* 
tells  ns,  that  the  magnitude  of  the  cun-es,  m  which  a  river  oscillates,  increases  with 
the  width  of  the  river,  and  though  it  is  not  easy  to  discover  the  exact  relation,  yet 
it  is  evident,  if  his  ^iews  be  correct,  that  such  cur^-es,  as  those  of  the  Belaugh 
walley,  could  not  have  been  made  by  the  stream  of  the  river  Bure.  even  under  con- 
diticns  of  much  greater  precipitation.  But  the  erosion  caused  by  the  sweeping 
course  of  a  wide  and  slowly  moving  stream  of  ice,  seems  to  me  capable  of  having 
formed  them. 

The  valley  of  the  Waveney  and  Little  Ouse,  which  forms  the  southern  boundary 
of  the  county,  has  some  peculiar  features  of  interest.  I  have  already  referred  to 
£icts  which  render  it  probable  that  there  has  been  from  vcr>'  early  post-cretaceous 
times^  a  submarine  valley  of  erosion  in  this  direction.^  But  it  is  evident  from  an 
inspection  of  the  country,  that  the  present  valley  was  formed  at  the  same  time  as 
others  around  it,  although  its  position  may  have  been  determined  by  previous 
event& 

The  peculiarity  of  this  valley  is  that  it  intersects  the  watershed  at  right  angles, 
and  slop>es  east  and  west  to  the  German  Ocean  and  the  Wash.  The  watersh^  in 
the  vallev  is  formed  by  a  very  low  ridge  of  sandy  ground,  not  more  than  four  or 
live  feet  high,  and  235  jrards  across.  East  and  west  of  this  commence  wide  fens, 
which  occupy  the  upper  end  of  the  eastern  and  western  portions  drained  by  the 
Waveney  and  Little  Ouse  respectively.  The  Ordnance  map  is  deceptive  in  making 
it  appear  that  these  rivers  rise  together,  and  then  separating,  flow  east  and  west 
It  is  not  sa  The  sandy  tract  just  mentioned  inter\'encs.  But  what  is  material  to 
my  purpose  is  that  the  valleys  of  these  two  rivers  do  not  really  commence  at  this 
watershed.  The  Waveney  really  rises  in  Norfolk  to  the  north  of  this,  and  the 
Little  Ouse  in  Suffolk  to  the  south.  The  valleys  then  inosctdate,  and  thus  the 
appearance  of  one  continuous  valley  reaching  from  sea  to  sea  is  produced. 

if  the  excavation  of  this  vallc>*  had  been  produced  by  river  action,  it  is  incon- 
ceivable how  it  could  have  been  excavated  over  the  watershed.  For  an  eighth  of 
a  mile  the  bottom  of  the  valley  is  almost  fl^it,  and  there  is  no  natural  watercourse 
through  it.  If  the  two  streams  had  done  the  work,  the>'  should  have  been  sepa- 
rated by  an  elevated  ridge,  not  by  a  flat  area.  If,  on  the  other  hand,  two  glacier 
streams  had  descended  from  the  lateral  valle}'s,  they  would  have  widened  out 
where  th^  made  their  bends  to  the  cast  and  west,  and,  mingling  at  their  edges, 
might,  I  think,  have  ground  doivn  the  surface  to  a  nearly  uniform  level  at  the 
watershed.  The  shape  into  which  the  valleys  are  cut  on  the  confines  of  the  water- 
shed, and  the  manner  in  which  they  narrow,  subsequently  favour,  I  believe,  this 
view. 

Another  feature  of  the  surface  peculiar  to  this  district  is  the  occurrence  of  small 
sheets  of  water,  usually  called  meres,  on  the  higher  parts  of  the  county  in  the 
neighbourhood  of  the  watershed.  They  are  usually  the  sources  of  small  streams.  I 
examined  one  of  these  which  has  been  lately  drained.  It  is  called  Rockland  Mere. 
It  is  a  true  basin  about  eight  feet  deep.  It  is  now  occupied  by  peat,  and  at  the 
present  season  there  is  scarcely  any  moisture  draining  from  it.  It  is  excavated  in 
Boulder-clay,  and  the  country  1>ordering  on  it  sinks  gradually  to  it,  showing  no 
feature  whatever.  I  cannot  conceive  rain  or  rivers  having  excavated  these  meres, 
nor  are  they  of  marine  origin,  for  there  is  no  symptom  ofa  sea  bottom.  ITic  sur- 
face at  Rockland,  as  shown  in  the  drain,  has  the  ordinary  character  of  the  Boulder- 
day,  with  a  covering  of  trail,  and  in  one  spot,  about  200  yards  below  the  outlet, 
this  trail  consists  of  clayey  gravel,  with  large  flints  from  the  Boulder-day,  cutting 

*  Joum.  G«ol.  S0C.1  vol.  xix.,  p.  323. 
>  P.  545. 
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into  a  clean  wUtc  uiul,  wbicli  hereabouti  ii  ■  member 
•fpeir,  then,  to  be  of  the  chancier  of  tma,  formed 
Ramsay,  irue  tanw  have  been)  by  ice,  which  in  thii  c«; 
towards  the  «pof  occupied  by  the  mere.'wheTe  iti  ■ccomial 
erosion,  and  thence  taking  the  direction  of  the  prcKDt  01 
*Blioii  of  the  Talley. 

Sudi  depressioni  in  other  districts  bave  no  donbt  exis 
up  and  masked  1^  lacustrine  deposits.  In  Norfolk  the 
Longer,  and  the  original  hollow*  remain. 


IV. — Diamonds  fbov  thk  Oapk  or 
B;  i Altai  B.  OsBooaT. 
TTTERE  tho  diftmoDds  eaid  to  be  found  at  1 
VV  Englimd.  really  found  in  South  Africa? 
from  tho  ao-called  diamond  diBtrict,  to  whicl 
from  England,  being  deputed  by  Mr.  Harry  ] 
merchant,  of  Bond-street,  who  is  well  known  i 
Hcicntificenqnirer  on  the  subject  of  preoiotUBto; 
felt  a  great  desirti  to  develop  a  new  Bonrce  of  b 
in  which  he  is  bo  largely  intereBted.  During  th 
Africa  I  made  a  very  careful  and  lengthene 
district  whore  the  diamonds  were  said  to  have 
no  indications  whatever  that  would  warrai: 
tho  finding  of  diamonds,  or  of  diamond-beari 
tho  Idealities. 

Tlie  geological  character  of  that  part  of  t' 
iDiiM>ssiblc,  with  tho  knowledge  we  at  present  j 
liouring  rocks,  that  any  could  have  been  re 
The  whole  of  tho  district  from  Cnwlock,  almt 
Hopetown.  upwards  of  250  miles,  is  comiKisod 
rocks ;  the  huge  piles  of  roimded  boulders  are 
tho  Trap  dykca  in  many  places  that  have  foi 
BJinda  both  of  a  wliite  and  red  colour,  ai 
fnim  tho  breaking  up  and  wearing  away  of  t. 
and  burnt  clays,  or  I'orcellnnite,  which  wi 
through  the  volcanic  heat  vitrifying  thoBO  silic 
geological  dcjxisits  are  viaiblo,  nothing  but 
rocks,  and  tlie  sands  mainly  produced  by  the 
associated  with  these  sands  and  in  tho  bed 
Voal  Kivers  arc  the  characteristic  Trap  mt 
Zi'olitoB,  Natrolite,  and  sometimes  Stilbite,  ^ 
geodes  of  chalcedony,  from  the  interior  of  whic 
dimensions,  are  derived  the  brilliant  rock  cryst 
may  be  found,  most  of  them  rounded  on  tho  e 
perfectly  uninjured,  as  tho  usual  hexagonal  p 
both  terminal  pyramids. 

As  further  proof  of  the  great  antiquity  of 
in  a  river  bed  about  thirty  yards  in  width,  a 
Kiver,  near  tlie  junction  of  the  Orange  and  V 
somo  very  largo 'boulieiB  oiTiQ.t,wfliiQ^is»i  t 
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containing  imbedded  in  them  imaUer  houtdera  of  similar  Traps,  but  of 
various  oolours,  and  these  oontained  the  zeolite  mineral,  chalcedonj, 
green  earth,  etc.,  which  had  evidentlj  been  rolled  and  water- worn  to 
a  rounded  form,  before  being  enyeloped  in  the  newer  Trap,  when  in 
a  fluid  or  pasty  condition. 

Frequently  associated  with,  and  on  the  top  of  these  beds  of  sand 
and  dibrisy  are  beds  of  a  compact  calcareous  tufa,  which  in  many 
places  is  broken  up  and  forms  a  mingled  mass  of  a  gravoUy-like 
compound  of  lime,  small  agates,  quartz  crystals,  yellowish  chalcedony, 
some  of  which  is  burnt  red  (camelian)  by  exposure  to  the  sun ; 
also  fragments  of  natrolite  and  green  earth  from  the  Trap,  together 
with  small  pebbles  of  different-coloured  Trap.  Sometimes  this  loose 
gravelly  mixture  is  by  the  aid  of  the  lime  present  formed  into  a  solid 
conglomerate, — not  siliceous  conglomerates,  as  those  from  BraziL 
This  is  an  important  distinction,  it  having  been  quoted  as  re- 
sembling that  from  Brazil.  A  traveller  who  has  recently  passed 
through  this  district  described  this  calcareous  tufa  as  primitive  lime- 
stone.    This  was  in  the  neighbourhood  of  Campbell. 

In  these  so-called  diamond-districts  there  are  no  traces  of  what 
are  usually  termed  metamorphic  rocks,  such  as  mica-slate ;  no  granite 
or  gneiss,  nor  any  traces  of  the  minerals  usually,  nay  always,  found 
in  diamond-districts,  as  Zircons,  Anatase,  Eutile,  Brookite,  Cassi- 
terite,  Iserine  (Titaniferous  Iron),  Gold,  Platinum,  Topaz,  etc.,  such 
associations  in  fact  as  we  find  in  Brazil,  India,  Australia,  etc. 

Now,  again,  if  we  consider  the  almost  solitary  instances  in  which 
diamonds  are  said  to  have  been  found,  and  at  comparaUvely  long 
intervals  of  time,  not  more  than  fifteen  or  sixteen  individual  dia- 
monds in  two  years  or  nearly, — and  extending  over  only  a  limited 
district  not  more  than  thirty  miles  long  by  fifteen  miles  in  breadth, 
— ^it  seems  perfectly  conclusive  to  me  that  the  whole  story  of  the 
Cape  diamond  discovery  is  false,  and  is  simply  one  of  many  schemes 
for  trying  to  promote  the  employ  and  expenditure  of  capital  in 
searching  for  this  precious  substance  in  the  colony.  I  had  an  idea  of 
this  when  I  first  reached  George  Town,  then  at  Port  Elizabeth, 
Grahamstown,  Cradock,  Colesberg,  and  finally  on  arriving  at  Hope- 
town,  when  no  further  proof  of  diamonds  could  be  obtained.  At  all 
these  places  I  carefully  looked  over  bags  of  stones,  which  were  said 
to  be  from  the  diamond-district ;  nothing  else  but  Agates,  Chalcedony, 
rounded  Bock-crystals,  and  rounded  Natrolite — no  other  minerals 
whatever.  The  diamonds  were  said  to  have  come  from  a  dis- 
tance; BO  they  have  doubtless,  but  many  thousand  miles  of  the 
present  ocean  separates  the  localities.  I  have  little  doubt  but  that 
the  first  idea  as  to  the  finding  of  diamonds  here  was  the  picking  up 
of  the  small  brilliant  rock  crystals,  and  the  idea  that  they  might  be 
diamonds  by  persons  unacquainted  with  them ;  and  this  is  assisted 
by  the  local  newspaper  editors,  who  publish  any  communication  what- 
ever that  is  sent  to  them.  Persons  read  some  work  on  diamonds 
and  then  fancy  that  they  understand  all  about  them,  and  insert 
in  the  papers  paragraphs  which  are  totally  at  variance  with  th<^  xqaL 
facts  as  to  the  oluuracter  of  the  rocka  ox  «aAi<^^    ^orw  ^VasywSs^w^ 
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of  geology  and  mineralogy  ia  only  acquired  by 
tinucd  eiperienco,  and  not  to  be  leiirned  in  a 
to  a  book  ;  and  estimating  the  commercial  v& 
in  the  uncut  state  aa  wdi  as  polished,  ia,  a^ 
experience. 

Ia  reference  to  the  valuing  of  the  diamooi 
found  at  the  Cape,  I  will  now  aay  a  few  woi 
exist  the  same  incx)>erience  by  persons  who  ha 
dcBcribing  the  districts  whore  they  were  found 
a  diamond,  really  worth  £10  or  £12,  which  ' 
£G0  or  £70,  and  in  the  same  proportion  for  la 
CajKt  people  Miy  that  if  a  diamond  fetches  £70, 
this  is  not  so,  the  buycre  being  equally  ignon 
the  Boilers,  On  Friday,  July  10,  a  diamond  wi 
town,  which  was  said  to  hsvo  been  found  by  i 
found  the  one  called  the  Puiel  diamond,  or  No. ' 
marc  presently.  It  was  shown  to  me  by  the  ( 
Hopotown,  who  asked  mo  the  probable  weigh 
merely  guessed  the  weight  at  from  12  to  13  con 
found  to  l>e  12g  carats  :  the  quality  was  so  inf 
dzo  mentioned,  that  I  could  only  value  it  at  £'. 
considering  the  quality,  which  was  really  lii 
termed  "  loart,"  was  a  high  valuation.  I  afte 
return  from  Griqiialand,  that  some  one  at  Ho; 
it  lis  "  (if  the  Jirtt  teafer,  one  part  very  much 
vohio  £r.o. 

When  I  was  at  Port  Elizabeth,  I  happened  t 
hiwl  just  arrived  at  Grahamatown  on  its  way 
started  off  tho  next  day  to  try  and  get  a  sight  ( 
late,  it  having  been  sent  away  the  day  before 
jiliotogTapli  and  plaster  of  Paris  cast  of  it,  thou 
made  out  from  those,  ns  a  diamond  of  15  carats  i 
a  ])hotogTuph  or  piaster  cast,  for  minute  and  cai 
plaster  cast  of  this  stone  is  now  in  the  Musoura 
Now,  fnnii  the  appearance  of  the  surface  of  thi 
which  neems  to  Iio  carefully  taken,  there  ai 
rncteristics  of  a  rough  diamond,  which  appears 
fine  transparent  stone,  as  far  as  I  can  judge  ft 
raeters.  Yet,  in  the  Cape  papers,  tJiis  stone  i 
and  weighs  15J-  carats,  and  of  the  first  wafer, 
any  defects.  This  stone  was  atatod  to  have 
Griqua  on  tlio  hanks  of  the  Vaal  river,  near  Puii 
this  was  not  tnio,  and  it  was  said  to  l>e  really 
100  miles  from  Puiel,  and  by  a  Griipia  who 
or  three  others.  So  the  locality  at  Puiel  is  a  m 
I  had  from  the  fiinnor  in  whose  employ  this  ( 
6ai[l  to  have  found  it.  The  diamond  was  value< 
war<ls  at  £1000,  £600,  £C00,  and  finally  at 
valuers  were  certainly  along  time  in  making 
the  truo  value  of  a  sD^Vaxj  iiMaoTki,  -«\\Kii  is 
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would  have  estimated  it  to  witliin  fiye  or  ten  ponnds  in  five  minutes. 

Eor  these  various  valuations  consult  any  file  of  Gape  papers  for 
ly,  June,  and  July,  1868.] 

It  is  said  at  Hopetown  that  a  native  has  a  very  large  diamond,  but 
will  not  part  with  it,  nor  show  it  to  any  one,  nor  has  any  one,  I 
believe,  seen  it ;  and,  therefore,  I  suspect  it  to  be  a  myth,  as  a  Oriqua 
would  only  be  too  glad  to  convert  it  into  money  or  cattle,  etc.  Here 
is  another  fact  which  certainly  does  not  prove  much  for  the  diamond 
discovery : — ^A  person  had  a  farm  in  the  neighbourhood  of  Hope- 
town,  which  he  wanted  to  exchange  for  reasons  best  known  to  hun- 
self.  He  got  a  resident  in  Hopetown,  who  is  one  of  the  authorities 
on  the  diamond  question,  to  give  him  a  certificate  that  he  had  found 
two  diamonds,  knowing  at  the  same  time  it  was  false.  This  diamond 
valuer  gave  him  the  required  certificate  mihoiU  seeing  the  diamondi, 
through  the  help  of  which  he  exchanged  his  farm  with  the  govern- 
ment— ^he  afterwards  confessing  that  he  had  not  found  two  diamonds 
on  the  farm,  but  merely  wished  to  exchange  for  a  better  locality.  I 
can  now  only  conclude  by  expressing  my  conviction  that  the  whole 
diamond  discovery  in  S.  Africa  is  an  imposture — a  Bubble  scheme. 


V. — On  the  Qold-fiklds  (?)  or  South  Ateioa. 

By  Jambs  E.  G&bgobt. 

GOLD  is  said  to  have  been  found  in  South  Africa,  and  very  pro- 
bably it  is.  I  have  myself  an  imdoubted  specimen  from  the  copper 
mines  in  Namaqualand,  in  which  the  gold  is  imbedded  and  asso- 
ciated with  silicate  of  copper  or  chrysocoUa ;  but  with  regard  to  the 
"  diggings,"  as  they  are  called  by  the  Cape  papers,  and  which  are 
situated  some  considerable  distance  up  beyond  the  Great  Orange 
Biver,  and  north  and  west  of  Natal,  the  question  is  whether  the 
gold  is  in  sufficient  quantity  to  pay  for  tiie  labour  and  expense 
of  its  production.  It  is  certainly  very  premature  to  call  this  auri- 
ferous district  "  (Jold  diggings"  and  "  Gold  fields,"  when  really  not 
ten  ounces  of  gold  have  as  yet  been  produced  altogether  in  some- 
thing like  twelve  months.  Parties  have  been  up  and  returned,  each 
on  some  very  trivial  excuse.  Some  travellers  describe  the  gold 
quartz  as  containing  gold  in  large  quantities,  and  yet  they  have  not 
obtained  satisfactory  specimens  themselves,  although  these  "  rich  beds 
(it  is  said)  extended  over  many  miles  of  country,  and  rich  gold  quartz 
could  be  had  almost  for  the  trouble  of  picking  it  up."  The  great  idea 
seems  to  be  in  getting  persons  to  come  out  on  a  wild-goose-chase, 
when  nothing  definite  is  known  about  these  wonderful  "  diggings." 
Ancient  furnaces  are  said  to  be  found  in  the  neighbourhood,  and  of 
course  plenty  of  fuel  1 1 

I  have  just  returned  from  South  Africa,  though  I  confess  that  I 
have  not  been  to  the  so-called  gold-diggings.  I  simply  read  the 
reports  and  communications  in  the  Cape  newspapers,  and  having 
mixed  with  many  people  acquainted  with  the  district,  I  have  formed 
an  opinion  of  the  probabifity  or  p\a\]LML\)\\\Vj  ^^  '^^  x^-^-^Nk^^bss^ 
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iwMmaUe  grpwiatinm  of  llie  woaaam  of  tiie  wkmSlmm  of  gdd  nflii 
part  of  the  world. 

I  will  mention  a  few  facts  that  came  under  my  own  obflerratkin. 
For  instance,  while  I  was  at  Hopetown,  a  trader  came  in  from  the 
BO-called  Bamangwato  diggings.  This  is  the  most  southerly  of  tbe 
gold  districts.  He  showed  me  and  put  in  my  hands  one  evening*  a 
piece  of  quartz  on  which  gold-leaf  was  fastened.  I  immedutdj 
detected  the  imposture,  and  exposed  it  at  the  time,  several  penooi 
heing  in  the  room.  Tet,  in  the  next  issue  of  the  Coltsburg  Adferiim 
for  July  14,  18G8,  was  the  following  paragraph  : — "  We  {Cdnbvi 
Adrerii$er)  have  received  the  following,  under  date  Hopetown.  Jnly 
9 : — '  Lishinskey  has  arrived  from  the  Bamangwato,  and  hroogkt 
down  some  specimens.  Mr.  Gregory,  the  mineralogist,  who  is  here 
from  England,  pronounces  them  very  rich.  At  the  place  where  they 
are  now  searching  for  gold  there  are  old  diggings,  as  they  hate 
found  fiimacos  which  appear  to  have  heen  buUt  hundreds  of  yein 
ago,'"  etc.,  etc.  And  again:  "Capt."  Black  and  his  party  haie 
ohtained  alK)ut  two  to  three  ounces  of  gold  dust  as  fine  as  snuff,  and 
have  been  digging  two  to  three  months,  and  expect  to  get  nuggeU  as 
tliey  go  deeper!  (there  are  six  or  seven  persons  in  this  party i. 
Now  we  see  by  a  mail  that  came  home  about  three  weeks  ago  that 
Capt.  Black  and  his  party  had  returned  from  the  diggings,  not  beeaute 
there  fraa  no  gold,  but  that  they  could  not  agree  among  themselves. 
Is  this  a  reasonable  and  satisfactory  excuse  ?  And  by  the  last  maO 
which  arrivoil  here  on  the  6th  of  November  we  loam  that  the  Cape 
Grovemment  have  not  yet  organised  a  commission  to  enquire  into 
and  examine  the  auriferous  districts,  but  that  private  commissions 
have  been  orf^nised,  and  have  started  to  the  gold  districts.  Then 
this  look  alto«^ether  satisfactory  as  to  the  private  opinion  of  the 
Cape  Govemiiient  ?  Another  fact :  When  I  was  on  my  journey  home 
in  the  steamer  from  the  Cape,  a  passenger  from  Natal,  in  presence  of 
myself  and  several  others,  said  that  he  considered  it  perfectly  fair 
and  legitimate  to  represent  that  pieces  of  gold  quartz,  from  Australia 
or  elsewhere,  were  found  in  the  South  African  gold-fields.  This  will 
give  a  further  idea  of  the  commercial  morality  of  these  colonies,  and 
show  that  they  are  not  behind  other  countries  in  bubble  schemes. 

I  merely  wish  to  call  the  attention  of  persons  about  to  visit  or 
embark  in  the  gold-digging  speculation,  to  carefully  read  and  digest 
the  various  reports  from  the  gold-diggings  before  venturing  too  much 
on  the  faith  of  newspaper  paragraphs.  And  one  thing  especially, 
don't  believe  any  sjKJcimens  you  see  of  gold  quartz  that  are  s^iid  to 
have  been  found  in  South  Africa,  without  knowing  personally  the 
finder  and  receiving  them  direct  from  him.  Many  persons  have 
quartz  said  to  be  from  there  ;  but  none  have  had  it  direct,  and  gene- 
ndly  it  lias  passed  through  several  hands.  Finally,  look  in  the  money 
article  of  the  Ttnies  of  any  date,  and  compare  as  a  fact  the  so  many 
thousand  ounces  of  gold  now  on  the  way  home  from  Australia,  tVc, 
with  the  very  imsat  is  factory  accounts  from  the  Cape. 

'What  I  complain  of  is  that  these  gold-fields  are  too  much  puffed 
and  advertised,  beioie  «LxrjVXim^  ^\:ks»\«v«t  \&  >5s:isyw\SL  <5fl  nJ^rax  ca\>a- 
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bilities  for  working  and  realiBatioD.  It  ma^  tarn  ont  eTentnftll;  as 
a  good  plac«  for  inTeatment  of  capital,  and  I  hope  may.  Bat  thia 
pt&Rg  IS  altogether  mnoh  too  premature.  The  commenoement  of 
Aostralia  and  California  was  very  different.  The  actual  nonets 
tamed  up  honestly,  and  spoke  for  utemselvec. 


I. — Oh  a  Behabkable  Iitcbubtatioit  in  \obtbaiiftonshibk. 
Bf  SAMttiL  8hau,  F.8.A.,  F.Q.B.' 

A  SPECIMEN  of  a  plant  incrusted  by  carbonate  of  lime  having 
been  left  at  the  Northampton  Muaenni  (of  the  Geological 
Department  of  which  I  am  the  Hon.  Curator),  I  visited  the  place 
whence  it  had  been  brought — an  ancient  gravel-pit  aboot  three 
miles  from  the  village  of  Old  or  Wold,  and  some  fourteen  miles 
N.N.E.  of  Northampton. 

The  section  exposed  is  about  eight  Feet  in  height,  and  the  gravel 
oontaina  broken  flints,  angular  and  sub-angular  fragments  from  the 
Oolitic  limestone  and  ironstone  of  the  district,  and  rounded  pebbles, 
composed  for  the  most  part  of  materials  foreign  to  the  locality,  and 
derived  from  older  gravels  or  from  the  Boulder-<ilay  which  caps 
many  of  the  high  lands  in  the  oounly. 

In  the  section  of  the  gravel,  I  found  the  mass  of  incrusted  plants 
from  which  the  small  fragment  had  been  taken.  This,  as  seen  in 
the  sectioii,  is  about  ten  feet  in  length,  and  about  two  feet  six 
inches  in  tiucknees  (see  Woodcut).    Its  dimensions  inwards  were 


DUgiam-Bcction  of  Bide  of  GraTcl-pit  near  Old,  North iiniptoiuh ire,  ehowing  position 

of  flQcient  tufaceuua  deposit  containing  Chara  vulgaHi. 

a.  MiMof  Incna.tcdfiSDronil^on-.  (I)  tcetlnlhickneu,  ■ndlOfeetlnbrmdlli.) 

c.  Lai'«'1mjerofcalG>r»ua))ute(sliicbnm  thJeknHaJ. 
i.  Upper  Ujtt  of  CBlctfeoiupuw  (II  inchn  in  tbioknat). 

not  ascertainable,  and  no  trace  of  it  was  to  be  found  in  the  opposite 
section  of  the  pit,  distant  some  fifteen  or  twenty  feet.  It  reposes 
upon  six  inches  of  calcareous  paste,  made  up  of  the  decomposed 
material  of  the  mass,  and  this  paste  again  rests  upon  the  gravel 
as  a  base. 

'  B««d  beAre  tlw  Britiah  AnocUtion,  SwAw^C^invv^  ^'■^E^iA.i'^^^'^- 
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A  similar  layer  of  calcareous  paste,  one  foot 
tbe  maae,  and  has  partially  filled  the  iaterst 
plant.  The  whole  is  covered  in  with  surface  i 
of  one  foot  nine  inches,  the  depth  of  the  g^iei 
lying  the  gravel  being  only  nine  inches,  bat  th 
tlie  same. 

The  grovel  is  stratified,  showing  that  it  has  i 
since  it  waa  originally  deposited,  and  the  strata 
of  incrustation  on  cither  side,  abutting  aharplj 
evidently  once  continuous. 

Tliese  arc  the  simple  facts  which  I  ascertainc 
of  the  mnsB  of  incrustation  tn  liltt,  and  upon  ob 
rounding  circumstances;  and  I  may,  perhaps,  be 
briefly  what  may  have  been  the  history  of  its  fo: 

Ages  before  the  ground  was  first  broken  t 
gravel  pit — at  a  period  perhaps  as  remote  as  tl 
roamed  over  the  country,  an  excavation  was  ma 
bnbly  to  obtain  water)  and  a  pool  was  formed,  i 
and  about  five  feet  deep,  in  which  grew  luzui 
which  Mr.  Corruthera,  F.L.S..  F.G.S.,  of  the  ] 
kindly  informed  me  was  the  Chara  eiJgtmi  of  L 

Kain,  upon  falling  on  the  surface,  soaks  throe 
colating  the  porous  rock  beneath,  descends  by  i 
stopped  by  the  occurrence  of  a  clay  or  other  im[ 
accumuliktcB  nnd  travels  until  it  finds  vent  at  fav 
surffice,  and  issues  thence  in  the  form  of  springi 

It  is  not  an  uncommon  thing  for  water,  ch 
acid,  to  dissolve  out  and  hold  in  solution  a  ce 
from  any  limestone  which  it  may  encounter 
flow  ;  but,  upon  becoming  exposed  to  the  atinc 
acid  would  fly  off  in  the  fonn  of  gas,  and  the  p 
hold  the  lime  in  Bolution  being  thus  impaired,  t 
of  lime  would  bo  precipitated,  and  collect  roun 
any  nucleus,  eveu  a  growing  plant,  which  might 

Witliering  descril)os  two  species  of  Cftara  (Chi 
— which  become  covered  with  n  stony  crust, 
"  they  possess  the  property  of  absorbing  carboni 
lime  has  been  held  in  solution,  in  a  greater  d 
water-plant ;  "  and  tliis  would  enhance  the  texii. 
which  such  plants  might  grow  to  deposit  lime, 
incrustation  of  those  phints. 

Tlio  gravel  contains  many  fragments  of  the  lira 
and  I  found  in  it  pieces  wliich  api)areutly  had 
dissolving  agency  described, 

Tlio  Chara.  then  in  its  rich  and  matted  growth 
thus  impregnated  wilh  limo,  became  iiicmstcd- 
and  gradually  upwards — as  tlie  plant,  still  accum 
ajiproaclied  nearer  nnd  nearer  to  the  surface. 

By  this  slow  proceaa  o?  gto-wW  asii  wiraate 
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course  of  time,  was  choked  up,  becoming  at  lengtli  only  a  shallow 
puddle.  The  six  inches  of  calcareous  paste  at  the  bottom  was  pro- 
bably produced  by  the  crushing  of  the  lower  portion  of  the  incrus- 
tation by  the  superincumbent  weight ;  and  the  thick  layer  at  top, 
partly  by  atmospheric  disintegration,  and  partly,  perhaps,  by  the 
trampling  of  cattle  while  drinking.  The  pool  ultimately  became  a 
mere  marshy  hollow,  and  was  then  artificially  filled  in  with  soil  to 
the  level  of  the  surrounding  surface.  The  gravel-pit  was  subse- 
quently opened,  and  what  had  been  the  hollow  of  the  pool  was  thus 
^oroughly  drained. 

The  incrustation  lies  in  layers,  the  plant  stems  being  in  a  greatly 
inclined  position.  I  would  suggest  that  this  may,  perhaps,  be  at- 
tributable to  the  deciduousness  of  the  plant,  or  to  the  variation  in 
the  water-level  arising  from  the  change  of  seasons. 

There  is  one  peculiarity  which  I  must  notice.  The  gravel-pit  is 
situated  on  the  slope  of  a  rather  shallow  valley,  through  which  flows 
the  brook  I  have  referred  to.  The  bottom  of  the  pit  is  some  feet 
above  the  level  of  the  water  of  that  brook,  and  about  three  feet  below 
the  bottom  of  the  supposed  former  pool :  at  a  time  of  the  year  when 
water  should  have  been  present,  if  at  all,  the  pit  was  perfectly  dry. 
It  is  clear,  then,  that  the  old  local  conditions  must  have  been  very 
different  to  the  present,  to  have  rendered  it  possible  for  water  to 
accumulate  in  an  excavation  in  that  open  gravel  to  such  an  extent  as 
to  allow  of  the  Chara  growing  in  luxuriance  to  within  a  foot  of  the 
surface.  It  would  really  seem  that,  in  the  long  interval  which  has 
elapsed  since  the  growth  and  incrustation  of  that  mass  of  plant,  a 
change  must  have  taken  place  in  the  level  of  the  locality,  and  that 
the  valley  itself  must  have  been  excavated  to  a  greater  depth.  If 
this  view  be  sound,  and  the  pool  or  hollow  be  really  the  work  of 
man's  hands,  we  have  here  another  item  of  evidence  of  the  high 
antiquity  of  the  human  race.^ 

There  is  yet  another  consideration.  Had  the  gravel  pit  not  been 
opened,  the  calcareous  paste  of  the  upper  bed  would,  by  percolation, 
in  the  course  of  time,  have  completely  filled  up  the  interstices  of  the 
mass  of  incrusted  plant,  and  ultimately  the  whole  might  have  become 
hardened  into  a  marly  limestone  rock.  If  excavation  should  then 
have  occurred,  what  would  have  been  the  reasonable  conclusion  as  to 
the  nature  and  origin  of  the  apparently  calcareous  mass  ?  Would  it 
not  have  been  that,  occurring  in  the  stratified  gravel,  it  was  a  trans- 
ported block,  and  its  presence  in  such  a  position  attributable  to 
Glacial  agency  7* 

^  Mr.  Greorge  Maw,  F.G.S.,  etc.,  upon  the  fisicts  as  detailed  by  the  writer  of  the 
paper,  has  expressed  an  opinion  (qualified  by  the  consideration  that  he  has  not 
examined  the  place)  that  the  hollow  was  the  work  of  human  agency. 

2  The  yalley  is  cut  through  the  lower  beds  of  the  ferruginous  sandstone  of  the  dia- 
trict ;  upon  the  slope  so  formed  the  gravel  was  deposited,  and  the  ferruginous  sand- 
stone reposes  upon  the  upper  Lias  clay.  Neither  of  these  beds  contain  sufficient  cal- 
careous'matter  to  allow  of  any  subsidence  arising  from  the  dissolyin?  out  and  carnring 
away  (by  the  action  of  water  charged  with  carbonic  acid  in  solution;,  of  any  oonnder- 
able  portion  of  their  mass. 
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II. — 0»   THE  TiBTIiBT  DlPOfllTS  Ol 
B7  n.  H.  Jbkiixc  F.0.S.> 

THE  geolf^  of  Victoria  is  better  known  tli 
British  colony,  the  existence  of  gold-bearii 
localities  having  led  to  tho  establishment  of  a  Q 
Survey  about  twelve  yeara  ago.  The  labours 
the  able  direction  of  Mr.  Selwyn,  have  mad< 
gcnenil  way,  the  geological  structure  of  the  ' 
more  detailed  survey  is  now  in  active  progress. 

ITie  marked  coutrast  to  our  knowledge  of  th 
of  Victoria  is  our  compwative  ignorance  of  its  [ 

Undor  these  circumstanceB  Hr.  Selwyn  has 
deterrai nation  a  large  series  of  Tertiary  fossils 
he  has  maiii>ed  as  Miocene  and  older  Pliocene ; 
some  points  of  very  great  interest  to  the  pali 
an  account  of  the  localities  whence  they  had 
preface  to  a.  reiiort  on  tho  fossils,  which  he  ho 
Associiition  on  n.  future  occasion. 

One  point  of  great  importance,  depending  on 
tatiou  of  the  age  of  these  Tertiary  strata,  is  tht 
gold-drifts  of  Victoria.  Their  age  relatively  I 
been  tolomhly  well  made  out  by  Mr,  Selwyn 
scientific  interest,  their  antiquity  in  relation  to  ol 
and  in  the  fiinna  and  Hura  of  the  n^on,  has  ati 

Tlie  most  varied  section  of  the  murine  Tertia 
exliiliited  on  the  const  west  of  Cape  Otway, 
southwest  of  I'ort  Philip  Pay,  where  tho  Tt 
accumulated  in  a  ti-ough  of  Mesozoic  carbon: 
twoun  C^istle  Cove  and  Capo  Otway ;  and  tho 
aftcnvards  contorted  and  then  denuded  ;  ni 
deeper  and  probably  narrower,  was  refilled  wi 
fttlne-lK'ddcd  sandstone. 

It  id  of  f^eat  importance  to  determine  the  re 
as  one  of  them  haa  yielded  the  Trujonia  semiaadi 
of  Scconilary  type,  quite  different  from  tho  rec£ 
comparable  with  tho  T.  eoslala  of  tlie  Oolites. 

About  twenty  miles  west  of  Castle  Cove,  a 
beyond  Jloonlight  Heail,  another  scries  of  Ter 
resting,  as  Iwfure,  on  tho  Jlesozoic  sandstone. 

West  of  the  Gellibrand  river  the  Jlioc'eue  bo 
Po^^t- pliocene  cdcarenus  simdslone,  dipping  to  t 
in  the  oi'posito  direction  to  those  on  tlie  othei 
mouth.  Tliey  extend  along  the  coast  for  nen 
their  stmtifiaition  and  divisiuna  are  much  oh 
m.issea  of  the  more  recent  Tertiary  sandstone, 
bed  is  a  dark,  slate-coloured,  stiff  clay,  veiy 
'  Etad  btfoie  the  lltilUV  iaajua'iwtt '^^'Avm.  C.\  ^qctt 
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remarkable  for  yielding,  perhaps,  the  finezt  examples  of  Ch/prasa 
which  occur  in  ti^e  fossil  state.  The  fossils  from  this  bed  present  a 
"very  striking  contrast  to  those  from  the  eastern  side  of  the  Itiver 
GteUibrand  in  the  perfection  of  their  preservation. 

The  author  then  described  some  small  sections  still  further  west, 
and  afterwards  the  strata  on  the  western  side  of  Port  Philip  Bay,  at 
Fyansford,  about  four  miles  west  of  G^elong,  whence  fossils  have 
been  obtained  from  a  section  exposed  in  the  cliff  on  the  right  bank 
of  the  river  Barwon. 

A  little  west  of  Gleelong,  and  close  to  the  shore,  the  cliffs  exhibit 
Miocene  strata,  which  have  been  correlated  by  the  geological  sur- 
veyors with  the  upper  part  of  the  Spring  Creek  series,  further  to  the 
south,  where  a  very  extensive  succession  of  beds  has  been  made  out, 
extending  from  the  mouth  of  Spring  Creek  to  the  Bird  Eock,  and 
presenting  a  total  thickness  of  about  280  feet. 

On  the  eastern  shore  of  Port  Philip  Bay  the  series  is  even  more 
diversified.  It  is  also  of  peculiar  interest,  as  Professor  M'Coy  re- 
gards certain  of  the  strata  on  this  side,  near  Mount  Eliza,  at  Sclmap- 
jper  Point,  as  belonging  to  the  upper  Eocene  period ;  but  it  is  ex- 
tremely difficult  to  decide  what  characters  would  entitle  an  Austra- 
lian deposit  to  be  regarded  as  Eocene.  Nummulites  have  not  yet 
oome  under  the  author's  observation,  and  the  shells  appear  to  havb 
too  recent  a  fadeB  for  an  Eocene  f&una,  although  some  of  the  volutes 
do  recall  the  species  of  our  Bracklesham  beds,  and  those  of  the 
Cterman  Oligocene  deposits. 

Mordialloc,  about  fifteen  mUes  north  of  Schnapper  Point,  is  of 
interest  on  account  of  a  boring  for  an  Artesian  well  having  been 
sunk  there  to  a  depth  of  240  feet,  the  basalt  which  underlies  the 
strata  of  that  district  having  been  struck  at  a  depth  of  236  feet. 
From  the  sandstone  cliff  north  of  Mordialloc,  fossils  have  been 
obtained  which,  though  badly  preserved,  are  evidently  of  more 
recent  date  than  those  from  the  beds  near  Mount  Eliza ;  indeed  they 
are  mapped  as  Lower  Pliocene  by  the  Geological  Survey  of  Victoria. 
The  beds  exposed  do  not  exceed  18  feet  in  thickness. 

The  fossils  from  these  various  deposits  yield  nothing  either  in 
numbers  or  in  beauty  of  preservation  to  those  of  the  London  or  Paris 
basins ;  but  until  they  have  been  carefully  worked  out,  and  their 
affinities  properly  determined,  it  is  extremely  hazardous  to  venture 
on  any  opinion  as  to  the  age  of  the  strata  from  which  they  have  been 
obtained.  That  there  are  several  horizons  is  at  once  evident,  and 
that  some  of  the  assemblages  of  fossils  from  different  localities  are 
contemporaneous  is  extremely  probable.  For  instance,  the  deposit 
near  the  Sherbrook  river,  which  has  yielded  the  Trigonia  of  recent 
type  {T.  LamarckiVjj  is  probably  referable  to  the  same  horizon  as 
the  Mordialloc  deposits,  which  are  characterised  by  the  same  form  of 
Trigonia,  and  which  have  been  mapped  by  the  geological  surveyors 
as  Lower  Pliocene. 


668  Peach—  On  Fosml  UsAes. 

in. — On  the  Fossil  Fishes  of  the  Duchy  of  Cobfwall.^ 

By  C.  W.  Peach,  A.L.S. 

IN  184:1,  at  the  meeting  at  Plymouth,  I  read  a  paper  on  the  abore 
subject,  and  stated  that  I  had  found  ''portionB  of  fiaks  at 
Punch's  Cross  Quarry  near  Fowey."  Again  at  Cork  in  1843, 1  con- 
tinued the  subject,  having  met  with  far  better  specimens,  and  still 
finer  had  been  found  by  Mr.  Couch,  at  Polperro ;  these  latter  wi& 
some  of  my  own  were  there  exhibited  and  oommented  on  by  me.— 
From  that  time  to  1849, 1  continued  to  extend  my  researches,  and 
met  with  fish-remains  on  both  sides  of  the  county.  All  these,  I  felt 
satisfied,  were  portions  of  fishes,  and  in  this  opinion  I  was  supported 
by  several  eminent  naturalists,  especially  by  the  late  valued  Professcff 
E.  Forbes,  Mr.  Pengelly,  and  others.  In  1849  I  left  Cornwall  for 
Scotland,  and  have  not  again  been  there. 

These  things  were  considered  fishes  until  1855,  when  ProfeBsor 
M*Coy  (who  had  been  some  time  before  round  Cornwall  with  Pro- 
fessor Sedgwick)  stated  in  the  "  British  Palseozoic  Fossils,"  published 
at  Cambridge,  after  carefully  examining  some  of  the  original  spe- 
cimens, and  others  that  he  had  collected,  that  they  were  not  Fuia, 
but  Sponges,  of  which  he  made  out  two  species.  So  they  have  been 
considered  up  to  April  of  the  present  year,  when  Mr.  E.  Wyatt-Edgell, 
in  the  Geological  Magazine,  for  May,  said,  that  the  so-caUed  Sti- 
ff anodicti/um  (Sponges)  of  M*Coy  were  true  Fish -remains  ;  and  in  this 
he  is  supported  by  Professor  Huxley,  Messrs.  E.  Ray  Lankester, 
Salter,  and  Woodward.  I  confess  to  feeling  plwised  at  knowing,  that, 
although  these  interesting  remains  have  been  so  long  under  a  cloud, 
light  has  at  last  broken  upon  them,  and  that  their  true  history  will 
soon  bo  told.  Although  I  have  bowed  silently  to  authority  so  long, 
my  opinion  as  to  their  fish  character  has  never  changed ;  and  in  all 
my  wanderings  over  the  Old  Red  Sandstone  of  Caithness,  and  other 
parts  of  Scotland, — with  one  exception,  to  be  mentioned  bye  and 
bye, — the  only  thing  in  all  the  fishes  I  met  with,  and  these  may  be 
told  by  hundreds,  1  never  found  one  which  agreed  wuth  the  Cornish 
ones ;  however,  a  few  decayed  bones  of  OaUolepiSt  etc.,  showed  the 
same  cancellated  stnicture  as  the  specimens  from  the  Cornish  rocks. 
In  May  last  I  went  on  a  visit  to  my  son,  who  is  in  the  Geological 
Survey,  at  Lesmahagow,  and  amongst  the  Blackband  Ironstone,  in 
one  of  the  coalpits  at  Auchenheath,  I  got  fish -remains  showing 
identically  the  same  net- work  cancellated  structure.  This  peculiar 
structure  deceived  morethan  Professor  M*Coy.  Many  named  it  to 
mo  when  talking  about  the  Cornish  fishes,  because  **  it  differed  so 
widely  from  that  of  any  known  animal  structure  : "  consequently  they 
refused  to  believe  them  fishes.  Here  let  me  do  justice  to  Professor 
M'Coy.  He  did  not  see  the  specimens  on  which  I  formed  my  opinion: 
they  were  with  me  in  Scotland,  and  were  not  sent  to  the  Greological 
Museum  at  Penzance  until  long  after  he  had  given  his  decision. 
The  exception  above  mentioned  is  a  small  tuberculated  piece,  one  of 

^  Read  before  the  Bn^A&Yi.  XsAocYa.^oTi  ^^^^<c>Ti^>^'^<srsK\s^  ko^uat^  186S. 
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those  sent  to  the  Cornish  Musenm,  and  figured  by  me  in  the  Greolo- 
gical  Transactions  of  Cornwall,  for  1848,  at  PI.  iii.  Fig.  2 :  it  is  so 
mnch  like  the  outer  part  of  an  AsteroUpis,  or  CoccosUus,  that  the  late 
Hugh  Miller,  on  seeing  it,  said,  **  had  he  found  it  in  Caithness  or 
Cromarty,  he  should  without  hesitation  have  considered  it  as  belong- 
ing to  one  of  those  fishes."  Strong  testimony  this.  I  have  lately 
seen  the  paper  of  Mr.  E.  Ray  Lankester,  in  Vol.  xxi.  of  the  Palsaon- 
tological  Society,  and  by  the  figures  and  descriptions  there  given,  I 
am  the  more  convinced  of  the  Piscine  nature  of  the  Cornish  fossils, 
and  farther,  that  they  will  prove  to  belong  to  some  of  the  families 
described  there.  The  Cornish  ones  are  very  much  larger,  and  con- 
sequently may  prove  new  species.  Roused  by  the  new  state  of 
affairs,  I  have  turned  out  the  contents  of  a  box,  packed  twenty  years 
ago  on  leaving  Cornwall,  and  up  to  that  time  untouched.  Here  I 
foimd  a  splendid  cephalic  shield.  It  is  a  little  more  than  six  inches 
in  length,  unfortunately  not  perfect.  I  have  as  well  some  nice  but 
fragmentary  specimens  of  scides  and  spines,  all  beautifully  marked — 
these  are  merely  a  few  odds  and  ends  left  after  my  collection  was 
placed  in  the  Geological  Museum  at  Penzance.  If  these  specimens 
•were  examined  carefully,  they  would  be  found  to  throw  a  great  deal 
of  light  on  the  subject,  especially  the  spines.  I  greatly  regret  that  I 
cannot  go  there  to  do  it  myself. 


le.EVIE'W^S. 


I. — Principles  op  Geology  ;  or,  the  Modern  Changes  of  the  Earth 
AND  ITS  Inhabitants  considered  as  Illustrative  of  Geology. 
By  Sir  Charles  Lyell,  Bart,  M.A.,  F.R.S.  10th  and  entirely 
revised  edition.  In  two  volumes.  Vol.  U.  Illustrated  with  Maps, 
Plates,  and  Woodcuts.  8vo.  pp.  649.  London:  John  Murray. 
1868. 

rthe  Geologioal  Magazine  for  1867,  Vol.  IV.  p.  120,  we  gave  a 
brief  notice  of  the  new  edition  of  the  first  volume  of  this  grand 
work. 

Great  and  important  as  had  been  the  alterations  in  Volume  I.,  we 
cannot  but  think  that  the  second  volume  is  by  far  the  most  valuable, 
both  as  to  its  matter  and  the  treatment  it  has  received  from  the  author. 

The  following  account  of  some  of  the  principal  additions  to  this 
volume  will  enable  the  reader  to  see  how  much  labour  has  been  be- 
stowed upon  the  new  edition.  Much  new  information  has  been 
added  to  the  chapter  on  Mount  Etna,  in  consequence  of  the  author's 
re-examination  of  this  volcano  in  1857  and  1858.  The  theory  of  a 
double  axis  of  eruption  is  explained  (p.  9),  and  the  changes  in  the 
scenery  of  the  Val  del  Bove,  caused  by  the  lavas  of  1852,  are  de- 
scribed (p.  31).  The  solid  texture  and  steep  original  inclination  of 
certain  lavas  of  known  date  are  also  pointed  out  (pp.  35  and  36), 
and  the  relation  of  some  ancient  valleys  on  Etna  to  the  former  struc- 
ture of  the  mountain  is  considered  (p.  40). 

An  account  is  given  (at  p.  69)  of  ttie  c\fflji^%  -^to^^jfe^  V3  ^Ooa 

VOL.  v.— JfO.  LIY,  ^ 
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recent  eruption  in  the  Qnlf  of  Santorin  in  Febmary,  1866 ;  as  also 
of  the  earthquake  in  New  Zealand  in  1855,  and  the  permanent  up- 
heaval and  subRidence  of  land  in  that  archipelago,  is  given  on  the 
authority  of  Messrs.  Boberts,  Walter  Mantell,  and  F.  A.  Weld.  A 
new  fault  or  shift  of  9  feet  in  the  rock  is  described,  and  a  zn^  of 
the  region  convulsed  by  the  earthquake  is  appended. 

In  reference  to  the  earthquakes  in  Calabria  in  1783  and  1857,  tiie 
origin  and  mode  of  the  propagation  of  earthquake  waves,  is  treated 
of  and  illustrated  by  seversd  new  diagrams  (p.  135  to  140).  Some 
account  is  also  given  of  Mr.  Robert  Mallet's  pniposed  method  of  cal- 
culating mathematically  the  depth  of  the  eiufth's  crust  from  which 
the  shocks  may  proceed. 

At  p.  192,  we  have  the  observations  of  Messrs.  Gwyn,  Jeffireya, 
and  ToroU  on  Shells  of  the  Qlacial  Period  in  the  Uddevalla  district 
in  Sweden. 

In  chapters  32  and  33,  the  old  notion,  that  the  crystalline  rocks, 
whether  stratified  or  unstratified,  such  as  granite  and  gneiss,  were  pro- 
duced in  the  lower  part  of  the  earth's  crust  at  the  expense  of  a 
central  nucleus  cooling  from  a  state  of  fusion,  is  shown  to  be  un- 
tenable, since  granite  is  found  to  be  of  aU  ages,  and  the  metamorphic 
rocks  to  be  altered  sedimentary  deposits,  implying  the  denudation  of 
a  previously  solidified  crust  Also,  that  the  latest  chemical  observa- 
tions on  the  products  of  recent  eruptions  favour  the  doctrine,  that 
largo  bodies  of  salt  water  gain  access,  during  an  eruption,  to  the 
volcanic  foci.  And  lastly,  that  the  resen'oirs  of  melted  matter  in 
the  interior,  though  vast,  may  hold  only  a  very  subordinate  place  in 
the  earth's  crust. 

The  heat  supposed  to  be  continually  lost  by  the  planet  by  radiation 
into  space,  may  perhaps,  it  is  suggested,  be  restored  by  solar  mag- 
netism in  connection  with  electricity  and  chemical  action. 

In  the  35th  chapter,  the  objections  originally  urged  against 
Lamarck's  theory  of  transmutation  and  his  replies  are  considered. 
Also  the  question  whether,  if  new  species  are  created  from  time  to 
time,  their  first  appearance  would  have  been  witnessed  by  the 
naturalist.  Kcmarks  are  offered  on  the  **  Vestiges  of  Creation,"  and 
on  the  thcK)ry  of  "  Natural  Selection,"  as  advocated  by  Dr.  Darwin 
and  Mr.  A.  Wallace.  The  chauge  of  opinion  produced  by  Dr. 
Darwin's  work  on  **  The  Origin  of  Species,"  is  pointed  out,  and  Dr. 
Hooker's  views  on  the  formation  of  species  in  the  vegetable  world 
by  variation  and  selection  are  noticed. 

The  36th  chapter  conttiins  an  explanation  of  Mr.  Darwin's  views 
on  the  formation  of  new  races  by  selection,  both  unconscious  and 
methodical,  whether  of  plants  or  animals  under  domestication.  His 
doctrine  of  "  Pangenesis,"  or  the  manner  in  which  long  lost  charac- 
ters may  be  revived  in  the  offspring  of  cross-breeds,  is  also  alluded 
to.  Likcjwise  the  fact  that  certain  i)arts  of  animals  or  plants  may 
be  made  to  vary  by  selection,  while  other  parts  of  the  same  remain 
unaltered.  The  hybridisation  of  plants  and  animals  is  also  con- 
sidered in  Ws  bev\T\T\^  oiv  Wig  tvqIwtq  and  origin  of  species. 

The    37t]i  cha]^toT   tteaXa  oi   -aaXxisaJL  «&  ^s^tsl^ax^  \i:i  artificial 
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selection.  The  tendency  of  species  tA  miilnply  l-^yrni  the  meaa« 
of  subsistence,  the  struggle  for  life,  and  the  o>Eii:n:r.>  en  which 
"  the  survival  of  the  fittest  '*  depends,  are  exjlaine^L  The  opinior.* 
of  Linnaeus,  De  Candolle,  and  Darwin  on  SY-Ecies.  are  c*;n:r^rt«i.  and 
it  is  shown  that  alternate  generation  will  not  explain  the  mode  of 
the  origin  of  new  species. 

Chapter  38  is  devoted  to  the  consideration  'I'f  the  peccTiphicd  dis- 
tribution of  species.  The  six  great  provinces  -.'f  fiisrinot  species  of 
terrestrial  mammalia  are  chiefly  dwelt  upon,  and  the  a^e^ment  of 
the  limitation  of  the  species  of  biris  and  reptiles,  and  even  of  the 
invertebrate  animals  generally,  to  the  same  regi«:>ns  is  pointei  out. 

In  chapter  39  is  given  an  account  of  the  mignition  and  diffusion 
of  terrestrial  animals,  slightly  added  to  and  correcteti,  from  the 
ninth  edition. 

In  the  40th  chapter,  on  the  geographical  ilistribution  and  mijrratiiin 
of  fish,  testacea,  insects  and  plants,  sc-veral  additions  and  alterations 
have  been  made,  e.//. : — On  the  sjiecies  of  marine  shells  and  fishes 
on  opposite  sides  of  the  Isthmus  of  P<^tnama ;  Moths  seen  flying 
300  miles  from  land  ;  Sir  C.  Bunbury  on  plants  of  the  Tal>lo-land  of 
Brazil ;  Darwin  on  seeds  and  fruits  immersed  in  salt  water  without 
injury;  Robert  Brown  on  the  source  of  the  gulf- weed.,  or  Sargastum: 
Darwin  on  seeds  transported  by  Yiirds. 

The  41  st  chapter  is  a  new  essay,  and  treats  of  insidar  floras  and 
faunas,  considered  with  reference  to  the  origin  of  species.  ITie 
islands  of  the  Eastern*  Atlantic,  especialh*  the  Madeiras  and 
Canaries,  their  volcanic  origin  and  Miucene  age,  are  first  treated  of 
and  then  the  extent  to  which  the  species  of  mammalia,  birds,  in- 
sects, land-shells,  and  plants,  agree  or  do  not  agree  with  continent-jil 
species.  The  identity,  or  non-identity,  also,  of  species  of  all  those 
classes  found  in  difterent  archipelag«is,  or  in  different  islands  of  the 
same  archipelago,  is  shown  to  bear  an  unmistakable  relation  to  the 
facilities  enjoyed  by  each  class  of  crossing  the  ocean.  The  bearing 
of  this  relationship  on  the  theory  of  the  origin  of  species,  by  varia- 
tion and  natural  selection,  is  pointed  out. 

The  42nd  chapter  treats  of  the  extinetion  of  species,  among  the 
additions  to  which  may  be  mentioned  the  following : — Dr.  Hooker, 
on  extermination  of  plants  in  St.  Helena,  and  Mr.  Tmvers  on  the 
spread  of  foreign  plants  in  New  Zealand. 

Tlie  whole  of  the  43rd  chapter,  on  man,  considered  with  reference 
to  his  origin  and  geographical  distribution,  is  new,  save  tho  first 
five  pages. 

Tho  antiquity  of  the  moro  marked  human  nu^es,  and  tlie  coinci- 
dences of  tlieir  geogra])hical  range  with  that  of  tho  chit»f  zoolugical 
provinces,  is  considered.  The  question  as  to  tho  nuiltij)I«i  (»ri^in  of 
man  is  discussed.  Tlie  l)caring  of  the  the(>ry  of  progn-ssivo  deve- 
lopment and  of  Darwin's  theory  of  natural  scleetion  (»n  th(j  deriva- 
tion of  man  from  the  inferior  animals  is  treated  of.  Soin<»  nMuarks 
on  submarine  forests  at  Bournemouth,  on  the  south  cojist  of  HanipHhiro, 
and  the  Bay  of  Fundy,  arc  added. 

A  brief  sketch  is  given,  in  rctros^^ccUvG  v:lvtvi\\vilo^'^  vyt^vsx^  v\^ 
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the  romains  ef  man  and  his  works  which  belong  to  the  ages  of 
Bronze  and  Stone.  Implements  of  the  Neolithio  Period—of  the 
antecedent  Reindeer  Period — and  lastly,  of  the  Palzeolithic  Period, 
are  mentioned.  Tlie  position  of  flint  tools  of  PalsBolithic  age  in  the 
drift  of  the  southern  coast  of  Hampshire  and  the  Isle  of  Wight,  if 
explained. 

At  p.  564,  the  age  of  the  potteiy  in  the  upraised  marine  stnta 
near  Cagliari,  on  the  south  coast  of  Sardinia,  is  discussed. 

The  41)th  chapter  is  reprinted  from  corresponding  or  condndrng 
chapter  of  the  ninth  edition,  with  some  corrections  in  the  nomen- 
clature of  corals  supplied  by  Dr.  Duncan,  and  some  obsenrmtions  at 
p.  580  on  the  depths  at  which  different  genera  grew.  Allusion  is 
also  made,  p.  609,  to  the  large  quantity  of  limestone  in  tho  oldest  or 
Laurent  ian  series  of  rocks  in  Canada. 

Referring  to  the  mai'ked  change  which  has  taken  place  in  the 
opinions  of  Sir  Charles  Lyell  and  other  eminent  geologists,  on  the 
sulvject  of  the  Origin  of  Species  by  Natural  Selection,  Dr.  Hooker 
obsorves,  in  his  inaugural  address,  as  President,  at  the  opening 
meeting  of  the  British  Association  for  the  Advancement  of  Science 
(Norwich,  August  19th,  1868) : — "  On  the  score  of  Greology,  the  ob- 
jectors rely  cliiefly  on  the  assumed  perfection  of  the  geological 
record ;  and  since  almost  all  who  believe  in  its  imperfection,  and 
many  of  the  other  school,  accept  the  theories  both  of  evolution  and 
natural  selection,  wholly  or  in  part,  there  is  no  doubt  but 
Mr.  Darwin  claims  the  great  majority  of  geologists.  Of  these, 
one  is  in  himself  a  host,  the  veteran  Sir  Charles  Lyell,  who,  after 
having  devoted  whole  chapters  of  the  first  editions  of  his  'Prin- 
ciples '  to  establishing  the  doctrine  of  special  creations,  abandons  it 
in  the  tenth;  and  this,  too,  on  the  showing  of  a  pupil,  for  in  the  dedi- 
cation of  his  earliest  work,  *The  Xatunilist's  Voyage,'  to  Sir  C. 
Lyell,  Mr.  Darwin  states  that  the  chief  part  of  whatever  merit  him- 
self or  his  works  possess,  has  been  derived  from  studying  the 
*  Principles  of  Gcolojn^-,*  I  know  no  l>righter  example  of  heroism 
of  its  kind,  than  this,  of  an  author  thus  abandoning,  late  in  life. 
a  th(v>ry  which  ho  had  for  forty  years  rcganled  as  the  very  founda- 
tion of  a  work  that  had  given  him  the  highest  position  attainable 
amongst  scientific  writers.  Well  may  he  be  proud  of  a  sui>erstruc- 
ture,  raised  on  the  foundations  of  an  insecure  doctrine,  when  he 
finds  that  he  can  undeqiin  it,  and  substitute  a  now  foundation : 
and  after  all  is  finished  survey  his  edifice,  not  only  more  secure,  but 
more  harmonious  in  its  proportions,  tlian  it  was  before ;  for  assui-edly 
tho  biological  chapters  of  the  tenth  e<lition  of  the  *  Principles '  are 
more  in  harmony  with  the  doctrine  of  slow  changes  in  the  history  of 
our  planet,  than  were  their  counterparts  in  the  former  editions." 

II — ESSAI    DK     a   OIX)GIK    KT   DK    PALf.OXTOLOGIB     Av£TR0NNAISSS, 

par  P.  RK'i'NKS.     Paris,  1808. 

THIS  deferred    publication  of  M.  Reynos  is  of  some  geological 
interest.     OTvgvncLlly   intended   (1864)   for   the  journal   of  a 
Scientific  Society,  i^ia  t^^^nt  ^to^J^^  wewc^^j^l^^ssL^Sa^^rJj^    addi- 
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tion  to  the  many  memoirs  previously  published  on  the  Aveyron  dis- 
trict, by  M.  de  Serres  (18l4),  Parran  (1856),  M.  Boisse,  and  others. 
The  geological  structure  of  the  district  consists  of  Igneous  and  Meta- 
morphic  rocks  (porphyry,  basalt,  granite,  and  micha  schist),  which 
occupy  about  two-thirds  of  th«  department,  the  sedimentary  rocks 
being  only  of  limited  extent.  These  latter  comprise  the  Upper 
Silurian,  Coal-measures,  Permian,  Trias  (with  its  three  divisions), 
Lias,  and  the  Lower  and  Middle  Jurassic  strata,  the  drift  or  diluvial 
deposits  occupying  the  valleys.  The  Devonian  and  Carboniferous 
limestone  are  wanting,  and  the  Permian,  Trias,  and  infra  Lias  are 
nnoonformable  to  the  Silurian  rocks,  while  in  the  north-east  of  the 
department  the  Upper  Lias  and  Inferior  Oolite  repose  transgressively 
on  the  Mica  schist  The  Trias  is  well  represented  ^112  metres),  but 
£[)8sil8  are  rare,  gypsum  occurs  in  the  upper  beds,  but  no  rock-salt, 
and  the  springs  which  arise  from  these  beds  are  not  even  saline. 
The  Avieula  catUoria  zone,  although  occurring  in  the  departments  of 
the  Yar  and  Herault,  has  not  been  strictly  recognised  at  St.  Affrique 
(Aveyron),  although  some  equivalent  strata  may  exist  there.  The 
Lias  is  marked  by  the  characteristic  zones  and  many  fossils,  and  the 
inferior  Oolite,  with  its  typical  fossils,  is  overlain  by  brackish 
water,  or  estuarine  strata  (Zone  k  Cyclades),  containing  ilfejama, 
Paludina,  OyclaSf  MyiiluSf  Unto,  associated  with  carbonaceous  shales, 
imperfect  ooal,  and  Oolitic  iron  ores,  or  limonite ;  these  strata  have 
been  described  by  Marcel  de  Serres  (Bull,  de  la  Soc.  GreoL  de  France, 
vol.  xvL,  p.  99),  and  appear  to  represent  the  Moorland  Coal  series  of 
the  Oolitic  strata  of  Yorkshire;  they  are  covered  by  beds  of  the 
Oxfordian  series. 

Six  plates  of  fossils  and  one  of  sections  are  appended  to  this 
memoir,  as  well  as  the  description  of  the  new  species,  some  of  which 
we  are  rather  inclined  to  consider  require  further  comparison. 

UL — ^Bevue  de  OioLooiE  pouB  Lss  ann£:es  1865  et  1866,  pae  M. 
Delesse  et  M.  de  Lapfakent.     Paris,  1868. 

IlHE  fifth  volume  of  this  annual  is  of  equal  importance,  usefulness, 
and  interest  to  those  of  previous  years,  and  contains  a  resumi  of 
the  more  important  geological  works  published  during  1865,  arranged 
imder  four  heads,  Preliminary,  Bocks,  Formations,  and  (xeological 
descriptions. 

IV. — Catalogues  des  Poissons  des  Formations  Seoohdaibes  du 
BouLONNAis,  par  M.  Emile  Sauvage.     Boulogne,  186 7. 

THE  Museum  of  Boulogne  contains  a  fine  collection  of  fossil 
fishes,  chiefly  from  the  Jurassic  strata  of  the  BoulonnaiSy  as 
well  as  some  from  the  Devonian  and  others  from  the  Cretaceous 
rocks  of  the  district,  of  which  the  above  work  is  a  catalogue,  con- 
taining also  description  and  four  plates  illustrating  some  of  the 
species.  From  this  catalogue,  it  appears  that  the  ichthyic  fauna  of  the 
BaihofUen  or  Great  Oolite  consists  mostly  o£  P^oftod<mU^sAOe.%\.T<>«««A* 
in  about  equal  numbers,  and  two  Lepidoids,  ona  oi  nrVmSs^.^^Od^I^k^- 
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dotua  lavis,  Ag.  ranges  from  the  Gt.  Oolite  to  the  Wealden  beds,  in 
fact,  the  species  of  the  genus  Lepidotua  are  more  numerous,  and 
have  a  wider  geological  range  in  t£e  Upper  Oolites  than  any  other 
genera  noticed.  The  Oxfordien  and  CaUotnen  are  very  poor  in  fiah 
remains,  but  the  latter  contains  a  new  genus  Curtodus,  allied  to 
StrophoduSj  but  differing  in  the  more  gibbous  and  inflected  form  of 
the  teeth. 

In  the  Ktmmeridgten  and  PorUandien  beds  the  fish  remains  are 
fragmentary,  such  as  teeth  and  scales,  and  rolled,  as  if  accumulated 
on  a  coast  line ;  no  entire  specimens  having  been  found.  The  Ganouii 
are  represented  by  Lepidotm,  and  the  Placaids  by  Strophodviy 
HyhoduSf  and  a  new  genus  AiduxanthM,  founded  on  an  Ichthyodorniite 
from  Portel,  which  is  flat  and  finely  striated,  the  anterior  margin 
blunt,  the  posterior  with  a  shallow  furrow  throughout  its  length, 
the  borders  of  which  are  furnished  with  small  points.  The 
Chimaridce,  which  make  their  first  appearance  in  the  Kimmeridge 
beds,  are  here  as  elsewhere  represented  by  lachyodus,  which  also 
occurs  in  the  Portland  beds,  seven  species  being  noticed. 

V. — DeSCKIZIONE   DI  AlCUNB  ClCADEAGLfi  FoSSILI    RrNVEinJTE  wj! 
OOUTE  DEL  AlPI  YeNETE,  DEL  BaRONE  AcHILLS  DS  ZiGNO. 

THIS  small  brochure  by  Baron  Zigno,  whose  larger  work  we  hope 
hereafter  to  notice,  contains  descriptions  of  eight  species  of  fossil 
Cycads  from  the  Oolite  of  the  Venetian  Alps,  one  of  which,  the 
Otozamites  BunburianuSj  is  considered  to  be  identical  with  the 
Otopteria  tenuata  from  the  Oolite  shale  of  Cloughton,  Yorkshire. 


IV.— SCIENTIFIC  JOURNALS. 

The  Populak  Science  Keview,  for  October,  contains  a  good 
article  by  Prof.  D.  T.  Anstod,  F.R.S.,  on  "  How  to  make  a  Geological 
Section,"  and  an  article  on  the  Lobster,  by  Mr.  St.  George  Mivart. 
F.L.S.,  with  much  else  of  general  interest. 

The  Quarterly  Journal  of  Science,  for  October,  contains  ti^o 
papers  interesting  to  the  geologist ;  one  by  the  Eev.  H.  W.  Crosskey. 
"  on  the  Post-tertiary  beds  of  Norway  and  Scotland,**  in  which  the 
author  points  out  that  the  physical  changes  from  the  Glacial  epoch  to 
the  present  day  were  generally  similar  as  to  succession  and  variation 
in  both  countries,  and  were  gradual,  and  have  left  their  evidence  in 
the  shell-beds  as  well  as  in  physical  phenomena.  Mr.  Crosskey  points 
out  that  of  the  lower  series  of  Glacial  fossil  shells  of  Scotland  some  are 
only  now  living  in  high  northern  latitudes,  while  the  second  great 
series  of  Glacial  beds  indicates  a  change  from  the  extreme  arctic  con- 
ditions of  the  preceding  period.  The  second  paper,  "on  the 
iron  pyrites  mines  of  Andalusia,'*  is  the  result  of  a  hasty  visit  to  the 
country:  embodying  also  information  derived  from  the  Spanish, 
French,  and  English  works  on  the  district.  The  metalliferous  zone 
is  in  the  slaty  SvinriQii  xociV^  «*s»o^\^\fti4  ^^tk  ^orphyritic  masses. 
The  ore-vein  ia  mosVX'j  a  \ioTCLO^^xi^Qivi&  m^as^*  ^orcckjeJceKkK^  ^v>^  ts»s^s*s 
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across,  surrounded  by  a  sahlband,  and  consists  of  granular  iron 
pyrites,  with  a  very  small  mixture  of  copper  pyrites,  some  silica, 
and  traces  of  lead  and  zinc,  and  covered  near  the  surface  with  a 
thick  gossan,  varying  from  20  to  160  feet  It  is  worked  at  five 
localities — St.  Domingo,  Tharsis,  Coronada,  Rio  Tinto,  and  Buitron. 
At  the  latter  place  it  is  estimated  that  there  are  4,000,000  tons  of  ore 
above  the  level  of  the  present  adit. 


I^EDPOErTS   J!L.lSnD    I^E.OOEEIDI2^C>S- 


Geological  Society  op  London. — ^Nov.  11th,  1868. — ^Prof.  T. 
H.  Huxley,  LL.D.,  F.R.S.,  President,  in  the  chair.  1.  **  Note  com- 
paring the  Qeological  Structure  of  North-western  Siberia  with  that 
of  Russia  in  Europe."  By  Sir  R.  I.  Murchison,  Bart,  K.C.B,,  G.C. 
StS.,  F.R.S.,  V.P.G.S.,  &c. 

Count  A.  von  Keyserling  had  communicated  to  the  author  the 
following  facts ; — The  district  between  the  rivers  Lena  and  Jenissei 
is  occupied  by  Upper  Silurian  rocks  of  the  same  type  as  those  found 
in  the  region  of  Petchora,  and  by  Carboniferous  rocks  containing 
seams  of  coal.  The  chief  Secondary  deposits  are  of  Oolitic  or 
liiassic  age,  and  agree  with  those  of  the  Petchora  region,  which  is 
the  next  adjacent  tract  on  the  west  to  the  Siberian  region  in  ques- 
tion. Similar  rocks  are  found  in  Spitzbergen.  The  banks  of  the 
Jenissei  are  covered  with  Post-pliocene  accumulations  similar  to 
those  found  near  Archangel.  It  is  thus  seen  that  the  vast,  slightly 
undulating,  and  to  a  great  extent  horizontal  and  unbroken  forma- 
tions, each  of  which  occupies  so  wide  an  area  in  European  Russia, 
are  repeated  on  the  eastern  side  of  the  Ural  Mountains.  In  this 
range  of  mountains  only  are  to  be  found  igneous  and  erupted  rocks. 

In  conclusion.  Sir  Roderick  referred  to  the  discovery  of  fossili- 
ferous  white  Chalk  in  parts  of  the  great  Sarmatian  plain  by  M. 
Grewinck. 

Discussion. — Sir  Roderick  Murchison,  in  explanation  of  the  paper, 
referred  to  a  geological  map  of  Russia,  and  gave  a  general  sketch  of 
the  bearing  of  the  paper  on  the  previously  known  geology  of  that 
country.  He  mentioned  the  discovery  by  M.  Grewinck  of  beds  of 
brown  coal  containing  amber,  and  overlying  true  Chalk.  The  amber 
in  the  Baltic  had  been  supposed  to  have  been  washed  out  of  beds 
beneath  the  sea;  but  Count  Keyserling  has  suggested  that  the 
amber  may  have  been  brought  down  by  the  rivers  from  the  interior, 
and  deposited  in  the  Baltic.  Sir  Roderick  also  called  attention  to 
the  absence  of  igneous  rocks  in  Russia  to  the  west  of  the  Ural 
Mountains. 

2.  "  On  a  section  of  a  Well  at  Kissingen."  By  Prof.  Sandberger, 
For.  Corr.  G.S. 

Taking  as  a  starting-point  a  bed  of  dark-blue  limestone,  the  author 

Sroceeded  to  describe  the  various  beds  passed  through  in  sinking  the 
chdnbem  well, .  both  as  regards  their  pettolo^eai  qSmw^^rVwc^  «»S^ 
ohemicai  conatitutioii.    He  considoxed  iSaat.  \\ik&  \>^^  V^  ^^  ^^  ^assv^^^ 
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liorizon  as  the  uppermost  Plattendolomite  of  the  Zechstein  fonoatioii 
in  the  Harz  and  Thuringia.  Above  this  lie  the  lowermost  beds  of 
the  Bunter  (containing  dolomites),  and  below  it  the  upper  part  of  the 
Zechstein  formation.  Below  the  Plattendolomite  of  the  Zediatem, 
from  the  depth  of  1,740  feet  to  1.884  feet,  follow  the  saUferous  beds. 

Discussion. — Sir  R.  I.  Murchison  differed  from  the  aathor,  inas- 
much as  he  regarded  the  whole  of  the  dolomite  rocks  mentioDed  at 
belonging  to  the  Permian  system,  and  not  to  the  Banter  Sandstein 
proper. 

3.  *^  On  the  formation  of  Deltas  ;  and  on  the  evidence  and  Cause 
of  great  Changes  in  the  Sea-level  during  the  Glacial  Period."  By 
Alfred  Tylor,  Esq.,  F.L.S.,  F.G.S.,  &c. 

The  first  portion  of  this  paper  ¥ras  devoted  to  a  comparison  of  the 
delta-deposits  of  the  Po,  Ganges,  and  Mississippi.  The  surfaces  of 
these  deltas  and  the  alluvial  plains  above  them  were  compared  to- 
gether ;  and  it  was  stated  that  a  parabolic  curve  drawn  through  the 
extremities  of  each  river,  and  through  one  point  in  its  course,  neariy 
represents  its  longitudinal  section — the  greatest  deviation  being  30 
feet  in  some  of  the  largest  deltas. 

The  littoral  deposits  around  Great  Britain  described  by  Mr.  God- 
win-Austen were  next  investigated,  to  ascertain  whether  the  hypo- 
thesis of  a  fall  of  600  feet  in  the  sea-level  is  tenable.  The  ioe-cap  at 
the  poles  was  also  cdluded  to  as  a  probable  cause  of  a  great  reduction 
of  the  sea-level  during  the  Glacial  period. 

The  upi)er  600  feet  of  deposits  in  the  Pacific  Ooefim,  made  by  coral- 
zoophylos,  were  quoted  as  cases  which  might  be  explained  as  well 
by  oscillation  in  the  sea- level  as  by  the  received  hypothesis  of  the 
subsidence  of  the  sea-bottom. 

Prof.  E.  Forbes's  investigations  into  the  origin  of  the  fauna  and 

flora  of  the  British  Isles  were  next  alluded  to,  and  the  author  con- 

*  sidered  that  the  hypothesis  of  a  fall  in  the  sea-level  better  accords 

with  the  facts  of  migration  than  Forbes's  suggestion  of  changes  of 

the  level  of  the  land  and  sea-bottom. 

The  origin  and  age  of  the  English  Channel  was  discussed  at  some 
length ;  and  the  occurrence  of  the  Crag  and  fossiliferous  gravels  and 
raised  beaches  near  the  same  level,  although  of  different  ages,  to- 
gether with  the  evidence  afforded  by  the  dredging  up  of  fresh-water 
and  littoral  shells  in  the  North  Sea  and  English  Channel,  were  ad- 
duced in  support  of  the  theory  of  the  depression  of  the  sea-level. 

The  parabolic  curve  not  only  represents  the  curve  of  deposition ; 
for  the  author  had  measured  other  sections,  and  found  that  the  curves 
of  denudation  and  deposition  approximate  often  to  that  of  the  parabola. 

Discussion. — The  President  called  attention  to  the  fact  that  in  the 
neighbourhood  of  coral  reefs  the  dead  corals  extend  to  such  a  vast 
depth  that,  supposhig  them  all  to  have  been  formed  near  the  surface, 
and  that  surface  only  lowered  by  abstraction  of  water  to  the  Poles,  the 
accumulation  of  ice  must  have  been  so  great  as  to  become  incredible. 

Sir  Charles  Lyell  had  already  suggested  to  Mr.  Croll  that,  assuming 
the  accumulation  of  ice  at  the  Pole  depressing  the  centre  of  gravity 
of  the  earth,  the  submex^gesicb  V)ti&\.  ^o\ii^  'W^^  x^ss^ti^  had  the 
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quantttj  of  water  in  the  sea  remained  the  same,  would  to  some  ex- 
tent be  comiteracted  by  the  reduction  in  volume  consequent  on  the 
formation  of  the  ice.  With  regard  to  the  delta  of  the  Miesissipp,  the 
data  on  which  he  aigued  had  considerably  altered  since  first  he  wxote 
on  the  subject,  inasmuch  as  recent  calculations  had  doubled  the  esti- 
mated volume  of  water  flowing  into  the  sea,  and  thus  it  was  capabie 
of  producing  the  same  effect  in  half  the  previously  calculated  time. 
The  progress  of  the  delta  at  any  spot  was  of  necessity  variable,  as 
the  position  of  the  mouth  changed.  The  American  engineers  had 
allowed  only  40  feet  as  the  depth  of  the  fluviatile  deposits,  whereas, 
from  boring,  Sir  Charles  had  concluded  it  to  be  at  least  500  or  600 
feet.  There  was  now  reason  to  suppose  that  it  was  much  more,  pos- 
sibly as  much  as  1500  feet.  This  being  the  case,  notwithstanding 
the  amount  of  work  done  by  the  river  being  doubled,  his  calculation 
as  to  the  time  required  for  &e  formation  of  the  delta  might  not  after 
all  be  so  excessive. 

Mr.  Prestwich  suggested  that  Mr.  Croll's  theory  only  involved  a 
transfer  of  ice  from  one  Pole  to  the  other,  and  not  a  diminution  of 
volume  of  the  sea.  The  raised  beaches  round  the  coast  of  Britain 
varied  considerably,  and  were  not  on  one  uniform  horizon,  as  they 
would  have  been  had  they  resulted  from  a  lowering  of  the  sea. 
The  elevation  of  the  old  sea-beds  during  the  Glacial  period  were  not 
accounted  for  by  any  supposition  of  the  mere  alteration  in  the 
volume  of  the  sea. 

Mr.  Evans  pointed  out  that,  the  Cyrena  being  a  fresh- water  shell, 
its  position  at  a  certain  level  was  not  connected  directly  with  the 
btight  of  the  sea.  He  doubted  the  curve  of  the  rivers  being  in  all 
cases  parabolic. 

Mr.  Mallet  had  already  remarked  that  the  beds  of  rivers,  especially 
near  their  sources,  appeared  to  assume  curves  closely  allied  to  a  para- 
bola. He  considered  that  the  form  was  due  rather  to  the  elevatory 
forces  than  to  erosion.  He  doubted,  however,  whether  they  were 
really  parabolic  curves,  or,  indeed,  any  other  mathematical  curve. 

Mr.  Tylor  replied  that  he  had  not  found  definite  evidence  as  to  the 
extension  of  corals  downwards  to  such  a  depth  as  that  mentioned  by 
the  President.  With  regard  to  oscillation,  he  had  merely  treated 
of  the  southem  part  of  England.  The  opening  of  the  Straits  of  Dover 
would  account  for  the  existence  of  beaches  above  the  present  level, 
as  the  tides  would  have  previously  risen  higher.  The  parabolic 
curve  was  that  which,  by  actual  comparison,  coincided  most  closely 
vdth  the  longitudinal  section  of  the  banks  of  the  rivers  Po,  Mississippi, 
and  Ganges. 

Norwich  Geological  Society. — L  The  monthly  meeting  of  this 
society  was  held  at  the  Museum  on  October  6th,  and  was  well 
attended.  The  President  (the  Bev.  J.  Gunn,  F.G.S.)  was  in 
the  chair. 

Mr.  Charlesworth,  F.G.S.,  read  the  folbwing  paper,  "On  the 
Prospective  Annihilation  of  the  Suffolk  Red  Crag  as  a  GeologicfiJ. 
Formation,  with  a  few  Bemarks  abont  \]i[v&  "Bft^  Gx^  ^VQ«sJ»aaiato 
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Stonc-s, '  Copr>lite.' "     He  thouslit  thai  remArkaMe  'i=f<«:  Vi-  »tii 
in  lS:3.!i.  he  jrive  the  name  -  R^i"  Cra^.  ani  wLicL  foTTs*  ja*  i 
the  well-kn'»wn  frroup  of  Tenitiy  f:«nnatiMi5  *V^;  ire  «i'Ps*i?Tai 
limite«i  arv-i  in  the  Djuniie»  of  Norf-i-lk,  SntFyg   sz;i  EiS5rx.v^ 
possibly   h'ive.  at  no  very  'ii slant  dAv.   to   !•?  exT«-:iiirs^i  froc  a 
enumeriti'»n  of  the  strata  that  now  m^tke  up  :he  iii:  of  iLr  finish 
Fossil  if rroiis    K  "oks.      The   destruetion    of    ihis    dep.vs*  i»  \fi21 
brought  ;i}jOTit.  jiartly  by  the  encroachment  of  the  sea.  as  at  Hirwa 
where  the  <.'r  i^.  which  in  D.Je's  time     1730    cir-r-c*!  the  Lxdx 
Clay  fliffs.  an-l  fumish'.-l  that  author  with  the  sbeli/-  xLe  en^mmj* 
of  which  <••  institute  the  earliest  publishe-l   fidire^  c-f  Crai:  F:«i 
but  of  whiirh  <'rair  n«it  a  \esti'^  is  now  to  t-e  Sr^n ;  arid  VisruTbT 
the   artiriii.il    lin.-akinj;   up   of    the   CraiT    to    sret     ai    the   livi  li 
Phospij:itio    X'llules  which  lies  at  its  baso,   ani    the    <>:ELirTcaI 
value  of  wliich  to  aj^culturalists.  under  the  misnomer  '*  o  -pT-lrre.' 
fonns  tlie  funi'.us  «liscovery  uf  the  latr  Profess*:- r  Hen^L-w.     Htcs 
it  is  allowable  to  siMx^ulate  on  the  high  value  which  e."*IIecdv:i*  of 
Red  Cra^  fo>sils  will  bear  when  this  stratum  beor-mes  a  thiL^  of  the 
jiast,  known  to  churning  generatiuns  of  ge^jL^gisr*  only  fiv-m  wb: 
they  may  p  ad  in  Ixnjks,  or  pither  from  the   examination  of  sxi 
Crap;  rip..-i.-iiiions  as  are  preser\-ed  in  Ge«:»logical    Mnseums.     Wha 
the  (.'oprolite  workinpp?  are  closed,  no  such  collections  01  Red  Cn? 
fossils  can  ever  be  made  as  are  made  now.     All  the  most  produonve 
fossilif«r<»Hs  portions  of  the  Reil  Cm;:  will  then  have  l>een  mixe'lri' 
with  tlic  ovirlyin;^  8;uid,  jrravol.  and  vi-jretable  s-r-il.  which.  *i.:vcl!e: 
up  by  the  cr.pr*  »lit«.-  miners  with  tliL'  Cni;r.  in  one  o?mni  >n  i::.\.s<.  irr 
thrown  b.t'.k  into  the  di^^gings,  as  field  by  field  is  trenched  uver.iBi 
the  bl.'uk  tp-a^ure  taken  <»ut. 

Mr.  Charles  worth  refL-rred  to  tlie  abun«lant  e^^dence  of  a  Mais- 
nialian  Fauna  in  the  Sufl'idk  Kud  Crag,  having  Iven  fumiahei 
through  thi."  C'jprolite  workings,  and  stated  that  this  ad'Iition  to  ou: 
knowle'lg*.'  of  Kcd  Crag  Palieontology  is  sometimes  advanced  as  an 
objection  to  the  dcMgnatiun  *•  Mainiaaliferous  **  for  the  Cnii:  ii: 
Norfolk,  with  its  extension  to  Southwold  and  Thorpe,  in  Sufelk- 
But  those  who  advance  this  o>)jection  lose  sight  of  the  fact  that  this 
Kr)rfolk  Crag  lias  jiroduced  its  abundance  of  Mammal  teeth  .inJ 
bones  without  the  trenching  and  sifting  process  which,  since  1S4*.'. 
has  enlightened  ge<^)]ogists  with  respect  to  the  occurrence  of  Mamraal 
teeth  and  bones  in  the  Suffolk  Ked  Crag,  and  that  were  tlie  Norfolk 
Crag  subjected  to  the  "sifting"  proct*ss.  its  Mammtd  remains  w.'i:I«.l 
so  greatly  exceed  those  of  the  Suffolk  Ked  Crag,  as  fully  to  justify 
the  applicability  of  his  name  '*  Mammal iferous,"  without  mr«.»tin^ 
considerations  arising  out  of  the  law  of  priority,  so  strongly  insisted 
njxm  by  the  highest  authorities  in  Natural  History  Science. 

In  regard  to  the  origin  of  these  phosphatic  nodules ; — the  so-called 
Crag  copndites.  The  idea  of  the  nature  of  these  nodules  being 
coprolitic  originated  with  Professor  Ilenslow — a  mistake,  but  one. 
perhaps,  of  tho  happiest  mistakes  ever  made  by  a  man  of  science ; 
for  had  not  Profirssor  Ilenslow  believed  these  stones  to  be  copndite* 
(foiisil  dmig),  ho  wovxVY  wfexet/wv  \5^\  >^xv^^;iNiJ^\V5 ^  \ms:s;s^  V^aj^  tJiem 
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Analyzed,  and  the  phosphatio  nature  and  consequent  agrionltoral 
Talne  of  these  stones  might  possibly  for  centuries  to  come  have 
remained  unknown. 

He  had  no  theory  of  his  own  to  advance  in  explanation  of  the 
formation  of  Crag  coprolite  stones,  though  it  appeared  to  him  that 
they  had  some  points  in  common  with  the  occurrence  of  flint  stones 
in  Chalk.  In  the  Chalk  we  see  flint  setting,  so  to  speak,  upon  the 
root  of  a  sponge  or  ventriculite,  and  forming  around  it  an  oval  or 
spherical  mass,  while  the  rest  of  the  ventriculite,  when  circumstances 
often  admit  of  the  observation  being  made,  can  be  traced  in  the  con- 
tiguous mass  of  Chalk.  But  as  the  workmen  in  chalk  quarries  break 
up  the  chalk  in  small  pieces,  a  ventriculite  in  connexion  with  its 
flint-invested  root  is  rarely  presented  to  our  notice.  Now  there  were 
no  rooted  ventriculites  in  the  Crag  Sea  for  the  Crag  phosphatic  or 
so-called  coprolitic  matter  to  adhere  to  ;  but  there  were  an  abundance 
of  sharks'  teeth  with  roots,  and  upon  these  roots  or  fangs  we  find 
the  phosphatic  stone  clinging  in  a  more  or  less  spherical  mass, 
-while  the  greater  portion  of  the  organic  body — that  is,  the  tooth 
proper,  has  none  of  this  phosphatic  investment.  And  when  the 
Crag  is  broken  up,  were  these  teeth  delicate  and  fragile,  they  would, 
after  the  fashion  of  the  Chalk  ventriculites,  break  away  from  their 
stone-invested  roots. 

Chalk  flint-stones  when  broken  often  present  to  us  enclosed  shells, 
sharks'  teeth,  and  other  organic  bodies.  But  in  all  cases  these  flint- 
enclosed  organic  bodies  are  of  the  same  species  as  the  organic  bodies 
found  in  the  Chalk  itself.  It  is  otherwise  with  the  organic  bodies 
enclosed  in  the  Crag  phosphatic  stones.  We  find  these  stones  lying 
in  immediate  contact  with  numerous  shells,  but  if  we  break  a  phos- 
phatic stone,  and  find  a  shell  enclosed,  this  Crag  stone-enclosed  shell 
is  not  of  the  kind  found  in  the  Crag,  but  of  some  species  found  in 
the  underlying  and  much  more  ancient  formation  than  Crag,  the 
London  Clay.  And  though  the  shark's  teeth  which  are  enclosed  in 
these  Crag  stones  may  be  quoted  as  an  exception  to  this  rule,  yet 
they  really  support  it,  for  there  are  two  groups  of  shark's  teeth 
found  in  the  Crag,  one  group  containing  species  peculiar  to  the  Crag, 
the  other  containing  species  which  are  found  in  both  the  Crag  and 
the  London  Clay.  Now,  whenever  a  Crag  shark's  tooth  is  in  a  phos- 
phatio nodule,  or  even  if  it  have  the  smallest  piece  of  phosphatic 
matter  investing  it,  it  is  invariably  a  tooth  of  the  London  Clay 
group.  Again,  no  phosphatic  stone  has  ever  been  seen  investing  one 
of  the  many  thousand  teeth  of  the  whale  tribe  which  have  turned 
up  at  the  diggings,  and  it  is  a  well-known  fact  that  these  Cetacean 
teeth  are  not  found  in  the  London  Clay,  but  are  a  specialty  of  the 
Crag ;  so  that  we  may  set  it  down  as  a  rule,  so  far  as  the  Crag  is 
concerned,  that  we  only  find  Crag  fossils  in  union  with  phosphatic 
stone  when  the  fossil  is  of  a  London  Clay  species :  and  this  leads  to 
the  inevitable  conclusion  that  all  the  Crag  coprolite  stones  were 
originally  in  the  London  Clay.  The  soft  London  Clay  itself,  when 
it  formed  the  bed  of  the  Crag  ocean,  would  be  abraded  by  the  action 
of  tides  and  currents,  bringing  a\x>wt  V\xft  ^i^^^ors^  \:tQ\s^  >^»  ^  *^«^ 
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hard  and  heavy  pbospbatio  stones.  Them  stone 
removed  fn)m  their  parent  bed,  beoame  &  portioa 
thQ  Cmg,  thL-n  in  process  of  formation  upoo  and 

n. — The  third  nnniial  mocting  of  the  Norwicl 
WM  held  at  the  Koyal  HoUil,  on  October  20th.  . 
men  met  lit  ten,  undor  the  presidency  of  the  Bev. 

Tlio  rt'-elcctiun  of  the  rev.  gentleman  as  Presii 
acclamation. 

The  Fresident  thanked  the  momberB  moat  beai 
in  which  tlicy  hod  oxpresecd  their  Trish  to  re-ele< 
a  few  remarks  on  the  jiroceedings  of  the  Sooit 
year.  lie  first  desired  to  ex])resR  his  painful  fee 
a  very  esteuined  menilwr  of  the  Society — he  nllu 
S.  \V.  Kiu^,  of  Snxltngham.  In  one  sense  he  v 
of  Norfolk  (p.'olofiy,  for  he  hnd  not  devoted  h 
gcolofity  of  this  county  more  than  a  few  years. 
attention  iiroviously  to  the  geology  of  Scotland 
(the  rresideut)  b;iil  tho  gooil  fortune  to  be  witJ 
panying  SirCharlee  Lyull  auil  Dr.  Hooker  on  an  e 
Mr.  King  was  then  so  struck  with  the  grandeur 
tltat  Ke  instantly  set  alxiut  collecting,  and  in  a  sh 
together  a  yv:T^  fine  collection,  which  was  to  be  pL 
stroet  Museum. 

Literary  and  PiitixisopniCAL  Society,  Nev 
On  tho  lith  November,  Mr.T.  P.  Itarkas  road  a  )m 
•'  On  the  Fauna  of  tho  Low  Main  Coal  Se«m,  No 

"  llio  gonuK  DiploiiitK  merits  spi'cial  attention. 
from  the  peculiar  largo  double  crowns  which  a 
HUp]iosu4l  teeth  of  tho  fish,  hiplitdia  is  a  genus  i 
and  is  dcscrilxs!  by  him  in  his  great  work  on  Foi 
BCril>es  and  figures  two  sjn'cii'S,  liiplodtii  gihbo* 
both  of  which  are  very  abundunt  in  tho  shale 
Main  Coal.  Tho  form  of  Diphdat  when  onco  » 
forgotten.  In  addition  to  tho  two  long  crowns 
shorter  and  sharper  central  pnxvss  or  tooth.  ' 
Siplodi  liavo  three  pointed  elevations,  hut  I  ha' 
posscBsion  which  havo  foiir,  and  one  has  as  man; 
cesses  or  elongated  prominences.  It  is  yet  a  mot 
the  Biplodi  nro  teeth  or  deminl  tubercles.  Pro 
recent  pnm]iUlet  on  the  Fossils  of  the  Low  Mai 
sections  of  the  Di'phdi  to  loeth.  Messrs.  Hanc 
one  of  their  recent  piipera  in  the  Annuls  of  Na 
to  tho  opinion  that  tliey  are  ilcnnul  tubercles. 

Professiff  Kncr,  of  Vioima,'  in  a  work  on  Xeneea 

Deckfnii,  which  genus  is  Kud  by  Sir  Philip  de 

bo  generidly  ideulieal  with  riruiacoufhuii,  and 

Diplodia.     'ilieso  references  and  general  izat  ions 

•  See  GBou)aicM.'ilw>".isi,\ii\.'S^v*sa, 
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probable,  by  the  fact  that  Professor  Kner  has  found  Biplodi  placed 
in  rows  in  the  jaws  of  a  Fish  which  he  designates  Xenacanthus.  The 
Professor  asserts  that  **  in  the  lateral  parts  of  the  jaws  they  are  ar- 
ranged in  28-29  rows,  of  6-8  in  each  transversely,  and  on  the  outer 
maxillary  they  form  4  rows  of  6-8  in  each."  If  the  observations  of 
Professor  Kner  are  perfectly  reliable,  the  question  is  settled,  and  the 
J)iplodi  are  teeth,  but  the  evidence,  so  far  as  regards  our  Coal-measure 
specimens,  points  rather  in  the  direction  of  their  being  tubercles,  in- 
asmuch as  they  are  often  found  in  large  diffused  patches,  without 
any  appearance  of  arrangement,  and  without  the  slightest  indication 
of  corresponding  jaws  in  these  localities.  This  evidence,  however,  is 
negative,  and  no  merely  negative  evidence  is  of  value  in  the  presence 
of  that  which  is  positive.  The  only  questions  therefore  to  be  deter- 
mined are :  Are  the  specimens  described  by  Professor  Kner  gene- 
rically  the  same  as  those  found  in  our  Goal-measures,  and  is  the"  ar- 
rangement he  describes  so  satisfactory  as  to  be  conclusive  ?  It  is 
acknowledged  that  many  of  the  Professor's  specimens  are  indistinct 
and  dubious,  and  the  question  may  without  offence  be  asked,  ''  Was 
the  specimen  jaw  and  teeth,  or  supposed  teeth  dubious  or  clear?" 
The  writer  of  the  review  of  the  work  on  Xenacanthus  in  the  Geol. 
Mao.  for  August,  observes :  *'  Our  author  thinks  that  the  strata  in 
England  and  North  America,  containing  the  teeth  of  Diphdus  and 
spines  of  Pleuracanthus,  ought  perhaps,  on  closer  examination,  also  to 
be  referred  to  the  Permian  system,  and  not  to  the  Carboniferous. 
In  this  supposition  Professor  Kner  is  manifestly  wrong,  as  Diplodi 
are  among  the  commonest  fossils  of  our  Northumberland  Coal-mea- 
sures. On  the  table  before  us  there  are  specimens  of  Diplodi,  and 
some  large  slabs  in  which  large  bones  are  present  and  numerous 
Diplodi  scattered  about.  There  is  also  a  mass  of  comminuted  bones, 
in  the  midst  of  which  Diplodi  lie  buried  in  considerable  number. 


♦ 

INTERNAL  FLUIDITY  OF  THE  EARTH. 

Sir, — ^In  this  month's  Gkolooical  Magazink  no  less  than  three 
articles  occur  treating  of  the  internal  constitution  of  the  earth,  and 
the  manner  of  "Formation  of  Moimtain  Chains." 

Mr.  Fisher  explains  the  "  Elevation  of  Moimtain  Chains  "  by  an 
outer  crust  becoming  unsupported  through  the  contraction  by  cooling 
of  the  inner  parts  of  the  earth,  the  intermediate  layer  then  (by 
diminution  of  pressure)  becoming  the  most  fluid  portion. 

M.  Delaunay  says  that,  if  the  motion  be  slow,  the  rotation  of  a 
solid  crust  would  be  accompanied  by  that  of  the  fluid  interior,  and 
therefore  that  no  idea  of  the  thickness  of  this  outer  crust  can  be 
formed  from  the  phenomena  of  precession  and  nutation. 

Mr.  Shaler  argues  that,  *'if  the  eflfect  of  pressure  in  promoting 
solidification  at  the  earth's  centre  were  greater  than  the  effect  of  heat 
in  resisting  solidification,  then  the  mass  would  congeal  first  at  the 
centre,  and  solidification  extend  thence  towarda  tVkft  ^Y«!Qss^'!st«'as3^*C 
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and  in  summing  up  says,  **  that  the  most  probable  hypothesis  in  the 
present  state  of  our  knowledge  of  the  earth,  is  that  it  consists  of  an 
immense  solid  nucleus,  a  hardened  outer  crust,  and  an  intermediate 
region,  of  comparatively  slight  depth,  in  an  imperfect  state  of 
igneous  fusion." 

This  last  is  precisely  the  state  of  the  earth  as  imagined  by  Halley 
when  endeavouring  to  account  for  the  phenomena  of  the  magn^ 
needle.  To  account  for  these  phenomena  he  assumes  the  existence  of 
four  mngnetic  poles,  two  in  each  hemisphere,  the  relative  positions  of 
which  undergo  a  constant  change ;  to  effect  this  he  makes  one  pole  in 
each  hemisphere  to  be  situated  on  an  external  crust,  and  the  two 
other  poles  on  an  interior  mass,  separated  from  the  crust  by  a  fluid 
medium ;  this  interior  mass  he  supposes  to  revolve  more  slowly  by 
an  extremely  small  quantity  than  the  outer  crust.  Subsequently 
Hanstein  examined  the  subject,  and  came  to  the  same  conclusion 
with  Halley  as  to  the  existence  of  four  poles  ;  these  he  made  to  be 
all  of  unequal  magnetic  force,  and  to  revolve  round  the  terrestrial 
poles  at  unequal  |)eriods;  the  periods  being  as  near  as  possible,  allow- 
ing for  errors  of  observation,  all  multiples  of  that  mystic  number 
432,  the  weakest  north  pole  revolving  in  432  x  2  =  864  years,  and 
the  strongest  in  432x4  =  1728  years,  the  weakest  south  pole  in 
432x3  =  1296  years,  and  the  strongest  in  432  x  10  =  4320  years. 
While,  curious  enough,  the  least  common  denominator  of  these  four 
periods  is  432  x  60  =  25,920,  which  is  the  period  of  the  revolution 
of  the  precession  of  the  equinoxes ;  therefore  the  shortest  time  for 
the  four  magnetic  polos  to  complete  a  cycle  is  equal  to  the  precessional 
period  of  revolution.* 

Whether  such  a  thing  gives  any  real  clue  to  the  present  state  of 
the  interior  of  our  globe  is  a  question  which  I  would  leave  others  to 
determine  for  themselves ;  at  the  present  time  I  would  merely  draw 
attention  to  the  similarity  that  exists  between  the  supposed  internal 
condition  to  account  for  magnetic  phenomena  by  Halley  and  Hanstein. 
and  that  condition  as  put  forward,  to  account  for  the  "  Elevation  of 
Mountain  Chains,"  by  Messrs.  Fisher  and  Shaler  in  their  recent  articles 
in  this  Ma^^azine. 

M.  Delaunay  shows  that  a  slowly-revolving  crust  would  take 
with  it  a  contained  fluid.  It  would  be  an  interesting  thing  to  know 
whether,  supposin<^  a  solid  (xjcupied  the  centre  of  the  fluid,  it  also 
would  revolve  with  the  said  fluid  at  the  same  or  a  slower  rate. 

J.  Clifton  Wabd. 

York,  Oct.  \9t/t,  1868.  _    _ 

HETEROPHYLLIA  MIRABILIS  AND    H.   LTELLI. 

Sir, — ^Ir.  De  Wilde's  letter  is  quite  satisfactory.  Had  the  ap- 
pearances referred  to  by  Mr.  Young  (Geol.  Mag.  Oct.  p.  448.  etc.) 
been  present  in  Dr.  Duncan's  specimens,  neither  he  nor  Mr.  Do  Wilde 
would  have  failed  to  notice  them.  It  is  therefore  to  be  regn^tteil 
that  you  did  not  sulnnit  Mr.  Y'oung's  specimens  to  that  artist,  who 
has  an  interest  in  the  matter,  rather  than  to  Mr.  Fielding,  who  lias 
*  See  Chap.  viii.  o£  "  UxiOamsviWrj  l&a^<ci^m^"  b^  Sir  Wm.  Snow  Harris. 
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none.  The  testimony  which  that  gentleman  yolnnteers  is,  however, 
of  value  as  confirming  the  only  inference  possible  from  the  state- 
ments and  figures,  that  the  specimens  of  Heterophyllia  are  variously 
preserved,  and  that  Mr.  De  Wilde  has  not  seen  all  the  varieties. 

I  am  unaware,  of  course,  of  your  reasons  for  adopting  a  somewhat 
nnusual  style  of  comment  on  Mr.  Young's  paper.  He  does  not, 
however,  as  you  say,  "  object  to  a  discovery  because  it  is  an  anomaly." 
He  thinks  the  appearances  may  bo  otherwise  interpreted,  and  that  so 
unexpected  a  phenomenon  as  articulated  spines  on  a  coral  requires 
more  evidence  in  its  support  than  has  been  adduced.  Anomalies  in 
other  groups  of  animals  furnish  no  argument  in  support  of  this  par- 
ticular one.  Mr.  Young  thinks  his  specimens  justify  him  in  taking 
exception  to  Dr.  Duncan's  paper  on  two  grounds,  1st,  that  H.  Lyelliasid 
JET.  mirabtlis  are  not  distinct  species,  2n(l,  that  neither  possessed  arti- 
culated spines.  The  criticism  of  published  species  is  neither  an  un- 
usual nor  a  hurtful  proceeding,  and  I  should  have  been  unwilling  to 
interfere  in  the  matter  which  rests  entirely  between  Dr.  Duncan  and 
Mr.  Young,  but  that,  having  seen  the  specimens,  I  am  satisfied  that 
the  difference  of  opinion,  at  least  on  the  second  of  Mr.  Young's  criti- 
cismSy  is  due  to  difference  in  the  state  of  preservation  of  the  fossils. 

John  Young,  M.D. 

HuKTBRiAN  Museum,  Glasgow,  ISth  Jfovembir,  1868. 

[Erratum. — In  the  headine  to  Mr.  J.  Young*  sp  aper  on  Heterophyllia  (p.  448) 
in  our  October  Namber,  we  st^ed  him  **  Curator  of  the  Hunterian  Museum,  Glasgow. 
We  find  we  were  in  error.    Professor  John  Young,  M.D.,  is  Keeper  of  the  Museum, 
and  Mr.  J.  Young  is  Assistant-Keeper. — ^Edit.J 

BETEROPMTLLIA  MIRABILI8,  DUNCAN. 

Sib, — Having  read,  in  the  November  number  of  the  Geolooioal 
Magazine,  the  observations  of  Messrs.  De  Wilde,  Fielding,  and  your- 
self, upon  the  so-called  articulation  of  the  booklets  on  HeierophyUia 
nUrabilia,  I  now  beg  to  state  that  the  specimens  of  this  coral  which 
I  sent  to  you,  and  which  are  referred  to  in  Mr.  Fielding's  remarks, 
are  of  a  mixed  character,  and  were  intended  to  illustrate  the 
various  conditions  in  which  it  is  found,  such  as  the  various  diameters 
the  coral  assumes,  and  the  variation  in  form  of  the  horizontal  section. 
Others  show  the  rounding  of  the  bases  of  the  spines  when  worn, 
presenting  then  the  appearance  of  rounded  tubercles ;  while  others 
show  the  spines  lying  in  position  in  the  shale,  or  with  their  fractured 
bases  projecting  irregularly  from  the  stem  of  the  corallum. 

The  remarks  which  I  formerly  made  were  based  partly  upon 
these  and  other  longer  specimens  in  my  possession,  and  I  am  satis- 
fied, after  a  further  examination  of  all  the  best  preserved  specimens 
I  can  find,  that  what  I  have  stated  in  my  paper  is  correct,  viz.,  that 
the  booklets  were  not  articulated  upon  tubercles,  and  the  mere 
rounding  of  the  base  of  the  spines,  so  as  to  resemble  tubercles,  seen 
upon  some  specimens,  stands  for  nothing  in  the  face  of  the  important 
fact  which  numerous  others  go  to  prove,  viz.,  that  these  tubercles  are 
not  rounded  in  the  better  preserved  specimens,  and  that  they  are  in 
fact  only  the  fractured  bases  of  the  spines  or  hookk^« 
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Mr.  De  Wilde  states  that  if  the  hooklets  were  solid  appendages 
anached  t:-  the  ^em.  he  would  not  expect  them  to  break  awjiv  sn 
r?s:T;iATly  as  thej  seem  to  have  done,  because  he  says  the  hooklets 
art-  s::a:e5t  at  their  base.  But  he  must  remember  that  althoiigh  xhv 
r-r  thrir  :h;oke*t  i>an.  yet  it  is  their  weakest  point  in  their  relation  to 
:hv  st'iJi.  As  y-.ints  in  illustration — twigs  torn  from  the  stem  of  a 
I  :.ir.:.  namrally  break  close  to  their  attachment  with  the  stem,  yet 
:h:5  is  als-  their  thickest  point;  and  the  spines  of  the  Produrtf 
found  in  .ur  s..ft  shales,  are  seen  in  most  cases  to  be  fractured  close 
:o  :hvir  :Ktji:hment  to  the  shell,  owing  to  the  pressure  they  have 
suiTAinr'l.  But  this  fi^acmring  of  the  spines  by  pressureis  not 
always  ry  jTiliu"  in  its  distance  from  the  organism,  either  in  the  Pro- 
dirlf  .r  the  or-rAl  in  question,  as  some  of  my  specimens  in  your 
p.:^ss|i--56:  n  clearly  show.  There  are  several  other  considerations  that 
mi^hr  Iv  un:v-«.i  ag^unst  the  supposed  articulation  of  the  booklets 
up  n  :•;>  •f-rcl-  s.  but  the  fear  of  enonjaching  too  far  upon  your  space 
f  rlids  mo tr.m  entering  u^ion  them  at  present. 

John  Tonfc. 

Hryrrxi-of  Mr*»r>c  Glaksow. 


OX   HETEROFHTLLIA. 

Sir. — I  have  read  Mr.  J.  Young's  communication  to  the  Geol. 
Ma'.,  c  T.oorr.:::ir  II^t-r<'ply'Iia  and  Mr.  De  Wilde's  letter  also.  Mr. 
F:- '  I::  ^-*<  t.  :-  ny:>t  l-e  scirisfactory  to  the  able  artist  who  drew  from 
r  -.":;:>  :':>.  v.:': -  n.Its  ai:-!  s]-invs  of  Il'ttrophyliia  mirahilh,  uohU  for  the 
ri.il.  Tr -.::>.  ::  :  f.-r  tho  Piwotjdiuirs.  as  Mr.  J.  Young  asi?ens».  hut 
r-  \\\y  :':.'■  sli^l.'osr  jvssiMe  examination  of  the  specimens  pp.-»ves 
'A.riZ  T!!'  -.Tiy :ir\:..>?  •>!'  irregular  fracrnre  of  tht?  spines  is  the  excep- 
t:  r..  :\r.\  :::t:  whi.li  I  Inve  dtscril.Kxl  is  the  rule.  The  irre-mlar 
!rAc:v.rt  r.As  'f-.vn  jt -hiced  by  pressure,  which  has  acted  more  upon 
t!.o  *:as';*  ..  t'  thv  tnl-t-rclos  than  ujvn  the  jimctiou  of  the  hin^klets  with 
the  :v/:-:tc:vs.  PrV'.iMy  some  anchylosis  had  occurred  and  the  joint 
I'.a-i  r-.Tn  -losTrovevl. 

I  a:.:  c;:::t:i:  to  abide  by  the  decision  I  came  to  whilst  the  Heterth 
r*;.  V  -  i:i  ti.o  Hii^irori m  ^[us»>um  of  Gla.sg<:»w  were  still  called  Ser- 
J*:  ■',  ^^vA  to  ccnsi  :er  Jf.  Zv'/Vand  Jf.  mi  rah  if  is  very  interestingly 
s-:i  iri::-  sjvcios.  It  is  v».-ry  rv'markable  that  Mr.  J.  Young  did  not 
fav.  v.r  so;*:  1100  M-i:h  an  elaK^rate   ess;iy  ujK»n  these  very   peculiar 

*  .r»'s  ;.  v.^  l^fort^  their  importance  l>ecame  manifest  to  his  able 
follow  ^v'lo^isr.  !Mr.  J.  llifnis-'n.  and  to  me.  Perhaps  the  enormous 
am-.i::;:  of  work  still  roiiuirod  to  Iv  undergi me  amongst  the  coini>ara- 
tivoly  unkr.own  fossils  of  the  Scottish  Coal  Field  has  friglitcned  the 
WvMtIiv  sub-curator.     I  would  beg  i>f  him  to  cheer  up  and  to  trj-jnst 

•  a  wi  o  "  vl  original  jvalavntologiciU  researeh.  AViien  he  luis  do- 
scril  id  one  spicios.  his  criticisms  upon  the  works  of  those  who  are 
liar  1  at  work  at  S>«tch  fossils  will  be  more  appreciated.  At  present 
his  criticisms  are  long  but  not  strong. — P.  Martin  Dcncan. 
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